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Executive Summary 
The ocean dumping permits issued to StarKist Samoa and VCS Samoa Packing require a 
variety of monitoring and reporting activities. One such activity is a re-evaluation of previ
ous bioassay testing and dispersion modeling reported in previous studies. This activity is 
described in special condition 3.3.5 of the permits issued to each of the canneries. Ocean 
monitoring data is also collected as a requirement of the permits (special condition 7). This 
report presents the results of the bioassay tests and modeling, including evaluation of the 
monitoring data, done under special condition 3.3.5. 

High strength waste, to be disposed of by ocean dumping, was sampled from each cannery 
as it was transferred to the FY Tasman Sea. Samples were taken three times, during various 
seasons of the year, and shipped to Advanced Biological Testing (ABT) in Tiburon, Califor
nia. At ABT, bioassays were conducted with a number of test organisms as required by 
the permits. The methods and test species used were modified in consultation with USEP A 
as the study progressed. The lowest LC50 recorded in the series of bioassays was 0.12 per
cent. 

The previous modeling was done during the preparation of an Environmental Impact 
Statement done by U.S. Environmental Protection Agency. This modeling was reviewed 
and evaluated. CH2M HILL used a different approach to estimate an initial dilution 
(consisting of an immediate dumping dilution and a nearfield dilution). The two compo
nents of the initial dilution were based on propeller theory and the concept of a momentum 
jet. The farfield dilution was based on the same model (mathematical and physical descrip
tion) previously used, but implemented with a spreadsheet application. 

The results of the model, although considered quite conservative (underpredicting dilution 
of the waste with receiving water), indicated somewhat higher dilutions at the edge of the 
dumping zone than previously predicted by the model used in the FEIS. Direct compari
sons cannot be made since the vessel in use is not the same. However, predictions for the 
worst case, corresponding to average ocean currents, in the summer, and at maximum dis
charge rate, indicate a concentration at the edge of the dumping zone that is 0.0021-(LC50) 
described above. 

Ocean monitoring data collected as a requirement of the permits includes analysis of the 
high strength waste material prior to disposal and receiving water monitoring. These data 
were examined and evaluated for consistency with the model predictions. Although the 
data collection is not specifically designed for model verification, the evaluation conducted 
supports, and is consistent with, the model predictions. The available data indicates that 
the wastefield is sufficiently diluted and mixed within the designated dumping zone to 
eliminate any effects outside the immediate disposal area. 

The original report on these studies was reviewed by Dr. Mohamed A. Abdelrhman of the 
Environmental Protection Agency's Research Laboratory in Narragansett, Rhode Island. 
Dr. Abdelrhman extensively reviewed the modeling section of the original report. The re
vised report was prepared in response to his suggestions and comments. Although, no re
visions were incorporated into those parts of the report concerning the bioassay tests and 
results, the entire report was reissued for the convenience of keeping the entire set of study 
results under one cover. 



Contents 
Page 

Executive Summary ..................................................................................................................... ii 

List of Appendices ....................................................................................................................... iv 

List of Tables ................................................................................................................................ iv 

List of Figures .............................................................................................................................. iv 

1. introduction .......................................................................................................................... 1-1 

Purpose .......................................................................................................................... 1-1 

Background ................................................................................................................... 1-1 

Scope of Report ............................................................................................................. 1-2 

2. Bioassay Tests ....................................................................................................................... 2-1 

HSW Sampling Procedures .......................................................................................... 2-1 

Test Species .................................................................................................................... 2-1 

Testing Methodology ................................................................................................... 2-2 

Results of Bioassay Tests .............................................................................................. 2-2 

3. Model Evaluation ................................................................................................................. 3-1 

Previous Model Formulation ....................................................................................... 3-1 

Evaluation of the Previous Model. .............................................................................. 3-3 

Revised Model Formulation and Predictions ............................................................. 3-6 

Deviations from the Study Plan ................................................................................. 3-14 

4. Field Data Evaluation ........................................................................................................... 4-1 

Review of Monitoring Data .......................................................................................... 4-1 

Estimates of Dilution .................................................................................................... 4-3 

Comparison to Model Results ..................................................................................... 4-4 

5. Conclusions and Recommendations ................................................................................... 5-1 

Conclusions ................................................................................................................... 5-1 

Limitations ..................................................................................................................... 5-1 

Recommendations ........................................................................................................ 5-1 

6. References ............................................................................................................................. 6-1 

Ill 



List of Appendices 
Appendix 1. 
Appendix 2. 
Appendix 3. 
Appendix 4. 
Appendix 5. 
Appendix 6. 
Appendix 7. 
Appendix 8. 
Appendix 9. 
Appendix 10. 
Appendix 11. 

Special Condition 3.3.5 of Ocean Dumping Permits 
Study Plan (Draft and Incorporated Comments) 
SOP for Sample Collection 
EPA Communications on Bioassay Testing 
Laboratory Reports Submitted by ABT - First Test 
Laboratory Reports Submitted by ABT - Second Test 
Laboratory Reports Submitted by ABT -Third Test 
FEIS Model Description (Appendix B of 1989 FEIS) 
Calculation of Entrainment Adjustment 
Farfield Model Output 
Summary of Monitoring Data 

List of Tables 
Page 

Table 2.1 Summary of High Strength Waste Bioassay Results ............................................ 2.5 
Table 3.1 Comparison of Original FEIS and CH2M HILL Reformulated Model.. ........... 3-16 

Predictions (Winter and Summer Conditions) 
Table 3.2 Comparison of Original FEIS and CH2M HILL Reformulated Model 

Predictions (Summer Deep and Summer Mid-Depth Conditions) ................... 3-17 
Table 3.3 Dumping Dilution and nearfield Dilution Calculations for a 

Single Propeller - Vessel Speed of 6 knots ........................................................... 3-18 
Table 3.4 Dumping Dilution and nearfield Dilution Calculations for a 

Single Propeller - Vessel Speed of 6 knots ........................................................... 3-19 
Table 3.5 Nearfield Dilution Cakulations ............................................................................ 3-20 
Table 3.6 Farfield Dilution Model Results ........................................................................... 3-21 
Table 4.1 Dates of Ocean Monitoring and Volumes Disposed ........................................... 4-6 
Table 4.2 Results of Onshore Composite (Storage Tank) Samples ..................................... 4-7 
Table 4.3 Ocean Monitoring Data .......................................................................................... 4-8 
Table 4.4 Average Dilutions Calculated from Ocean Monitoring Data ............................. 4-9 
Table 5.1 Predicted Dilution and Concentrations at the Down Current Edge 

of the Ocean Dumping Zone (at 2.5 nautical miles) ............................................ 5-2 
Table 5.2 Predicted Dilution and Concentrations near the Closest Reef 

or Shoreline (at 5 nautical miles) ........................................................................... 5-2 

List of Figures 
Figure 3.1 Schematic Diagram of W astefield Plume elements ............................................ 3-22 
Figure 3.2 Dumping Dilution Schematic ............................................................................... 3-23 
Figure 3.3 Dilution with Distance from Ship ......................................................................... 3-24 
Figure 4.1 Median Values of TSS from Ocean Monitoring .................................................. 4-10 
Figure 4.2 Median Values of TVSS from Ocean Monitoring .............................................. .4-11 
Figure 4.3 Median Values of O&G from Ocean Monitoring ................................................ 4-12 
Figure4.4 Median Values of Total Phosphorous from Ocean Monitoring ........................ 4-13 
Figure4.5 Median Values of T Nitrogen from Ocean Monitoring ...................................... 4-14 
Figure4.6 Median Values of Ammonia from Ocean Monitoring ....................................... 4-15 

rv 



1. Introduction 

The Regional Administrator of EPA Region IX determined that ocean disposal of fish processing 
wastes off American Samoa meets EPA's ocean dumping criteria (40 CFR Parts 227 and 228). 
Based on this determination EPA issued special ocean dumping permits to StarKist Samoa, Inc. 
and VCS Samoa Packing, Inc. on September 1, 1993. Special condition 3.3.5 of both permits 
requires bioassay testing of the waste from each cannery and a re-evaluation of the model 
previously used to predict concentrations of fish processing wastes disposed of at the 
designated disposal site. A copy of this special condition is provided in Appendix 1. This 
section of the report describes the purpose of the report, presents pertinent background 
information, and describes the organization of the materials presented in subsequent sections. 

Purpose 
The purpose of this report is to document the results of the bioassay and modeling studies re
quired by the special ocean dumping permits under special condition 3.3.5. StarKist Samoa 
(Permit No. OD 93-1 Special) and VCS Samoa Packing (Permit No. OD 93-01 Special) were re
quired to conduct and submit the results of toxicity tests using fish processing wastes generated 
at the permittees' American Samoa tuna processing and packing plants. The wastes tested were 
DAF (dissolved-air flotation waster water treatment processes) sludge and other high strength 
waste streams that are barged to sea for disposal at the permitted dump site. The report de
scribes the methods and results of the bioassay tests. 

Permit condition 3.3.5 requires that the bioassay results be used to re-evaluate the previous 
model predictions of dispersion of the plume created by dumping fish processing wastes at sea. 
The model re-evaluation was conducted by: evaluation of the previous model for application to 
the current disposal operations, development and application of a revised more sophisticated 
model(s), and evaluation of available field data for consistency with model predictions. The re
port describes these modeling exercises and the results of the model predictions. 

Background 
StarKist Samoa and VCS Samoa Packing (the canneries) began ocean disposal of DAF sludge off 
the south coast of Tutuila Island in December of 1980 (Permit Number: OD 79-01/02 Special). A 
field study of the fate and transport of the waste was described by Soule and Oguri (1983). In 
1990 the disposal site was moved further offshore into deeper water based on an Environmental 
Impact Statement done by EPA (1989) and a supplementary mathematical model study (SOS, 
1990). The existing permit was issued for the deep water site in 1993 (effective date of 1 
September 1993 - expiration date 31 August 1996). 

The existing permits allow disposal at the deep water site mentioned above is located approxi
mately 5.16 nautical miles offshore in a water depth of about 9000 feet. The dump site is a circle 
of 1.5 nautical mile radius. The permit allows the disposal of up to a total of 200,CXX) gallons per 
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day including: OAF sludge (60,CXXJ gallons per day) and high strength process stream wastes 
(100,CXXJ gallons per day of precooker water and 40,CXXJ gallons per day of press water). The 
concentrations of various physical and chemical parameters are limited in the permits. Special 
conditions in the permits require monitoring and analysis of the fish processing wastes to be 
disposed of, monitoring of vessel operations and position, notices to regulatory agencies, re
ceiving water monitoring, and biological community observations and reporting. 

This report was prepared under special condition 3.3.5 as discussed above and reproduced in 
Appendix 1. A draft study plan was prepared and submitted to USEPA and ASEPA in No
vember 1993 (CH2M HILL, 1993). Comments were received from EPA on the study plan in a 
letter dated 10 December 1993. These comments concerned details of the bioassay sample col
lection, shipping, and certain protocols of the bioassay tests. The comments were easily ac
commodated and the draft study plan was not revised. The final study plan consists of the 
Draft Study Plan and the EPA comments which are included as Appendix 2. In addition, some 
changes were made to the bioassay test protocols and procedures, with the concurrence of EPA 
These changes are documented in descriptions of the bioassay tests below, and in the following 
section of the report. 

Scope of Report 
The special permit condition addresses two distinct efforts: bioassay testing and model re
evaluation. Although the results of the bioassay testing can be used with the model results to 
predict the potential for toxicity, the two parts of the study are quite different and are best 
described independently. Therefore, this report is presented in four main parts: a description of 
the bioassay test results, a description of the results of the modeling, an evaluation of the 
available field monitoring data with comparisons to the model predictions, and a final section 
presenting conclusions and recommendations. References are provided and additional detailed 
information is provided in Appendices. 

For the bioassay tests, this report basically summarizes the previous memoranda sent to EPA 
after each of the sampling and testing episodes. For the modeling portion of the studies, the 
report extends the memorandum previously sent to EPA summarizing the results and provides 
detailed descriptions of the modeling study to a level sufficient to allow independent review of 
the modeling as well as responding to EPA comments on the previously reported modeling 
results. The interpretation of the modeling and field data evaluation results, incorporating the 
bioassay infom1ation, is formahzed in this report. 
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2. Bioassay Testing 

Bioassay tests were conducted as required in the permits with modifications as approved by 
EPA and documented below. General guidance for these tests was provided by USEPA (1991), 
ASTM (1992), and the EPA/COE "Green Book" (1991). Specific guidance for performing bio
logical-effects tests for Ocean Disposal permits are outlined in Part ID, Section 11 of the Green 
Book; Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual (EPA and COE, 
1991). However, the fish processing wastes to be disposed under the permits are not similar to 
solid dredged materials. The high strength waste materials are mostly positively to neutrally 
buoyant liquid phase wastes. The physical and chemical nature of the wastes required that the 
tests be conducted as effluent tests, which was agreed to by EPA (see Appendix 2). The follow
ing sections briefly summarize the methodology for sampling and testing, and report the results 
of the tests. More detail is given in the Study Plan (Appendix 2) and the standard operating 
procedures (SOP) for the collection of the high strength wastes (HSW) (Appendix 2). Ap
proved changes made to the permit conditions and study plan as the study proceeded are de
scribed and documented below. 

HSW Sampling Procedures 
High strength waste samples were collected at each cannery from the existing sampling ports 
in the storage tank transfer lines. Three samples were taken at 10 minute intervals while waste 
was being transferred from the storage tanks to the barge. Samples for the bioassay tests were 
composited from the three discrete samples. Waste from each cannery was sampled and tested 
separately. Detailed procedures used for sampling, sample handling, and shipping are in
cluded in the SOP referenced above. The sampling periods were modified from the original 
sampling plan as follows: 

• 
• 
• 

Originally scheduled 30 November 1993: 
Originally scheduled 28 February 1994: 
Originally scheduled May 31, 1994: 

Sampled 16 February 1994 
Sampled 20 October 1994 
Sampled 23 June 1995 

Changes in sampling and testing periods were approved by EPA as described in the correspon
dence included in Appendix 4. 

Test Species 
The permit condition requires toxicity testing with three species selected from three groups 
listed in section 3.3.5 of the permit. The study plan initially set up a proposal that the tests be 
conducted with the pacific mysid shrimp (Holmesimysis costata) juveniles, pacific sanddab 
(Citharichthys stigmaeus) juveniles, and purple sea urchin (Strongylocentrotus purpuratus) larvae. 
The rational for this selection is provided in the Study Plan (Appendix 2). It was further pro
posed that, if necessary, Mytilus sp. (mussels) would be used as a backup species to the sea ur-
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chin and white shrimp (Paneaus vannami) would be used as a back-up test species for the mysid 
shrimp should the primary test species be unavailable at the time of the bioassays. 

In their comments on the study plan (see Appendix 2) EPA recommended replacing Holme
simysis costata with Mysidopis bahia which was done. For the first of the three required testing 
episodes both Mytilus edulis (blue mussel) and Strongylocentrotus purpuratus were tested, and, as 
described in more detail below, Mytilus was selected for the following tests. Because of diffi
culties in spawning Mytilus was not tested during the third test. 

Testing Methodology 
The testing methodologies used for acclimation and holding of test organisms, sample 
preparation, and experimental conditions and procedures, QA/Q.C, and data analysis are 
described in the Study Plan (Appendix 2) and in the detailed laboratory reports (Appendix 
5). However, one aspect of the testing procedures, the potential for and handling of high 
IDOD, deserves special note. Initial dissolved oxygen demand (IOOD) has been determined to 
be a problem with cannery effluent and high strength waste streams. Preliminary IOOD meas
urements were done at the canneries in October of 1993. The results indicate a typical IOOD 
demand within the first 15 minutes and a second high demand that occurs between 10 and 14 
hours. The second demand can, if not anticipated, compromise and even make useless a bioas
say test in progress. The results of these IOOD measurements were used for guidance in de
termining sample dissolved oxygen (00) conditions and aeration procedures required for the 
bioassays in this study. Advanced Biological Testing of Tiburon, California, performed the bio
assays and was able to anticipate and account for this aspect of the tuna cannery wastes. 

Results of the Bioassay Tests 
Three sets of bioassay tests were conducted on the HSW for each cannery. The results of these 
tests were reported to USEP A and ASEP A in separate memoranda for each testing episode. 
Modifications and changes to the original study plan were made for each of the tests as docu
mented in the memoranda and in communications with EPA provided in Appendix 4. Each of 
these testing episodes is briefly reviewed below and the results of all of the tests are given in 
Table2.l. 

First Set of Bioassay Tests 
Sampling for the first bioassays tests was done in February 1994 (see EPA comments on the 
Draft Study Plan in Appendix 2). Detailed methods and results of the tests are presented in the 
attached: "Results of a Bioassay Conducted on Two High Strength Waste Samples from the Van Camp 
and Star.Kist Tuna Canneries in American Samoa" prepared by Advanced Biological Testing Inc., 
Tiburon, California, and provided in Appendix 5. Acute effluent bioassays were conducted on 
four species including the three listed in the study plan plus one of the alternates. The species 
used were Mysidopsis bahia (mysid shrimp) juveniles, Mytilus edulis (blue mussel) larvae, 
Strongylocentrotus purpuratus (purple sea urchin) larvae, and Citharichthys stigmaeus (speckled 
sanddab) juveniles. The results of these bioassays are summarized in the Table 2.1 below and 
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were provided to EPA as a memorandum to the American Samoa Project Manager 
(CH2M HILL, 1994). 

Based on the results of the first set bioassays, CH2M HILL recommended two changes to the 
HSW bioassay protocol as follows: 

• Reduction of the upper end of the HSW concentration series for all bioassays to a 
maximum of 3.0 percent. This was done for the first set of tests after discussions 
with EPA as reported in the laboratory report (Appendix 5). No additional infor
mation is required at concentrations greater than 3.0 percent and reducing the 
maximum concentrations reduces the amount of HSW that needs to be sampled and 
shipped. We recommended a series of concentrations for the bioassays of 3.0%, 
1.5%, 0.8%, 0.2%, 0.1 %, and 0.05%. 

• Continue running bioassays with Mytilus edulis while monitoring the effects of aera
tion on organism mortality and drop the use of Strongylocentrotus purpuratus larvae 
as test organisms for the HSW. This recommendation was made for the following 
reasons: 

- Special Condition 3.3.5 of the permits required only three organisms be 
tested; one organism each out of three specified groups. Mysidopsis bahia 
and Citharichthys stigmaeus satisfy the requirements for Groups 2 and 3. 
Group 1 contains larval stages of both bivalves and echinoderms and 
running just Mytilus edulis should satisfy this requirement. 

- Because of the high oxygen demand of the effluent, all test containers re
quired aeration throughout the tests to maintain adequate oxygen concen
trations for the test organisms. Aerating the chambers using Mytilus 
edulis and Strongylocentrotus purpuratus larvae as bioassay test organisms 
gives problematic results. Aeration is standard protocol for bioassays on 
fish and invertebrates when oxygen levels fall below 40% of saturation, 
but is not standard protocol for bioassays on larval bivalves and echino
derms. The effects of aerating the water on the survival of these organ
isms is not known. Because the Mytilus edulis bioassays are only run for 
two days (vs. four for the Strongylocentrotus purpuratus) the organisms are 
exposed for half the time and the effects of aeration may be reduced. 

- The mortality of the control group was substantial for the echinoderms 
and is unacceptable according to protocol. The cause of the high mortal
ity in the control is not known. 

The results and methods for the first set of tests and the recommendations described above 
were reviewed and accepted by EPA as documented in the attached communications dated 29 
August 1994 (Appendix 4). The recommendation for reducing the maximum concentrations of 
the samples was accepted by U.S. EPA and, after consultation between Advanced Biological 
Testing and EPA, new test concentrations were established for the mysid, mussel, and sanddab 
tests of 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as a volume dilution in 30 ppt sea water. The 
recommendation for dropping the urchin test was accepted by U.S. EPA. The mussel test was 
continued to investigate the effects of aeration as described below. Other recommendations 
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were made by EPA in the letter, which were adopted as described below and in the detailed 
laboratory reports. 

Second Set of Bioassay Tests 
The results of the second set of tests are presented in the attached: "Results of a Bioassay Conducted 
on Two High Strength Waste Samples from the Van Camp and Star Kist Tuna Canneries in American 
Samoa" prepared by Advanced Biological Testing Inc. (ABT), Tiburon, California, (Appendix 6). 
The second sampling was conducted in October 1994. Acute effluent bioassays were conducted 
on Mysidopsis bahia (mysid shrimp) juveniles, Mytilus edulis (blue mussel) larvae, and 
Citharichthys stigmaeus (speckled sanddab) juveniles. The results of these bioassays are 
summarized in the Table 2.1 below and were provided to EPA as a memorandum to the 
American Samoa Project Manager (CH2M HILL, 1995a). 

In the first test described above it was determined that due to the high oxygen demand, 
including a high immediate oxygen demand, of the effluent all test containers required aeration 
throughout the tests to maintain adequate oxygen concentrations. Aeration is standard 
protocol for bioassays on fish and invertebrates when oxygen levels fall below 40% of 
saturation, but is not standard protocol for bioassays on larval bivalves and echinoderms. 
Therefore, aerating the chambers containing Mytilus edulis may give problematic results. In the 
second test gentle aeration was initiated on Day 0, and continued for the duration of the tests. 
To assess the effects of aeration, an aeration control for the mussel test was run simultaneously. 
No statistical differences were observed between aerated and unaerated controls. It was 
recommended that this type of aeration continue to be used with the mussel test. 

Third Set of Bioassay Tests 
The results of the third set of tests are presented in the attached: "Results of a Bioassay Conducted 
on Two High Strength Waste Samples from the Van Camp and StarKist Tuna Canneries in American 
Samoa" prepared by Advanced Biological Testing Inc. (ABT), Tiburon, California, (Appendix 7). 
The third sampling was conducted in June 1995 this test was delayed to get better seasonal 
coverage with the concurrence of USEPA (see Appendix 4). 

Acute effluent bioassays were conducted on Mysidopsis bahia (mysid shrimp) juveniles and 
Citharichthys stigmaeus (speckled sanddab) juveniles using HSW collected separately from the 
StarKist Samoa and VCS Samoa Packing canneries in Pago Pago Harbor, American Samoa. The 
results of these bioassays are swnmarized in Table 2.1 below and were provided to EPA as a 
memorandum to the American Samoa Project Manager (CH2MHILL, 1995b). For this 
sampling Mytilus edulis (blue mussel) larvae were unavailable as the mussels were spawning. 
The U.S. EPA reviewed the problem of the mussel spawning and waived the requirement to 
conduct the bioassay test on the mussel larvae for this sampling period (see Appendix 4). 
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Summary of Results of the Bioassay Tests 
Table 2.1 summarizes the results of the bioassay tests. AB noted above, each of the testing 
episodes is reported on in detail in Appendices 5, 6, and 7. 

Table 2.1 
Summary of High Strength Waste Bioassay Results. 

Star.Kist Samoa VCS Samoa Packing 
Test Organism Endpoint 

2/94 10/94 6/95 2/94 10/94 6/95 

Citharichthys LCso 0.27% 0.35% 0.396% 0.59% 0.37% 0.626% 
stigmaeus 
(sanddab) 

NOEC 0.20% 0.25% 0.25% 0.40% 0.25% 0.25% 

LOEC 0.40% 0.50% 0.50% 0.80% 0.50% 0.50% 

Mysidopsis bahia LCso 0.12% 1.16% 0.675% 0.59% 0.79% 0.625% 
(mysid shrimp) 

NOEC 0.05% 0.50% 0.125% 0.05% 0.50% 0.25% 

LOEC 0.10% 1.00% 0.25% 0.10% 1.00% 0.50% 

Mytilus edulis LCso >1.20% >2.0% 2 >1.20% >0.20% 2 

(blue mussel) 

ICso <0.08% 0.10% 2 <0.08% 0.18% 2 

Strongylocentrotus LCso 1.20% - - 1.20% - -
pupuratus 
(urchin)! 

ICso <0.08% - - 0.10% - -
I Urchin test not conducted in second and third test periods (w / concurrence of U.S. EPA). 
2 Mussel larvae not available for test, requirement waived by U.S. EPA for this test. 
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3. Model Evaluation 

This section describes the re-evaluation of certain previous model predictions of dispersion of 
the plume created by dumping fish processing wastes at sea. The previous predictions are pre
sented in Appendix B of the FEIS (EPA, 1989) and in a supplementary study (S<JS, 1 ~). This 
model is referred to as the "FElS model" throughout this section of the report. Appendix B of 
the FEIS is reproduced in Appendix 8 of this report for convenience. The model re-evaluation 
was conducted in four phases as describe below. The steps were: 

• The previous model, as described in the 1989 FElS, was used. This model was 
reformulated and implemented as an Excel 5.0 spreadsheet and the results of 
this reformulation checked against the previous (FElS) results. 

• The input data and assumptions used in the FElS model were examined and 
evaluated. Critical parameters, including assumed values for diffusion coeffi
cients, initial dilution, and ambient conditions were reviewed. The appropriate
ness and applicability of previously assumed values are evaluated and 
discussed. 

• A somewhat different approach for the initial dilution as the waste is pumped 
into the propeller slipstream was developed. The objective of the new approach 
for initial dilution with a different model is intended to account for changes in 
vessel characteristics and operational methods and to develop more representa
tive overall model predictions. Model predictions were developed for the cur
rent disposal operations using the new initial dilution procedures and the re
formulated farfield model. 

• The model predictions are then used by applying the new bioassay test results 
presented in the previous section and this evaluation is provided in the conclu
sions and recommendations section (Section 5) of the report below. 

A summary of the model evaluation was provided to USEPA and ASEPA in a memorandum 
prepared by CH2M HILL (1995c). The descriptions below expand and further document the 
summary previously provided, and include information responding to comments on the previ
ous (July 1996) version of this report. 

Previous Model Formulation 
The previous model (FEIS model, EPA 1989), is based on an approach originally developed by 
Brooks (1960), and has been found by the authors of this report to be typically very conservative 
(overpredicts concentrations) in similar applications. Other assumptions in the model are also 
considered to be conservative as described in the discussions below. The term conservative, as 
used in this section of the report and when applied to assumptions or methodology, always 
indicates that the expected result is most likely to be an overstatement of concentration 
(waste) or an understatement of dilution within the temporal and spatial context of the 
statement. The results of the model are presented in terms of dilution (or concentration) of fish 
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processing waste versus distance from the point of introduction into the receiving water. Based 
on the results of the bioassay tests, the distance from the dump site where the effluent is diluted 
to the limiting permissible concentration (LPC) level can be determined. 

The FEIS model formulation, based on the approach presented by Brooks (1960), is essen
tially the same basic model as CDIFF (Yearsley, 1989). The formulation developed by 
Brooks calculates the lateral diffusion of a discharge plume as it is advected in the longitu
dinal direction and does not account for longitudinal dispersion. As initially developed by 
Brooks, the approach does not account for vertical diffusion, does not provide for the settlement 
of negatively buoyant constituents in the plume, and does not account for the dispersion of a 
positively buoyant plume or positively buoyant components of the discharged material. ln ad
dition the model, as implemented in the FEIS, assumes a line source of constant strength. The 
basic model formulation is given by a dimensionless expression of the form: 

H/ 
cmax /4 f ---,======er 
C H2 , 0 

2KJ+ 16 

1.5 

( 
8At )

3 

I+ L<213) -1 

where Cmax/Gi is the ratio of the centerline plume concentration to the initial concentration, Lis 
a length parameter, A is a horizontal dissipation coefficient equal to the horizontal turbulent dif
fusion coefficient (E) divided by L4/3 with units of [L)2!3 / [t), eif indicates the error function, and 
all other variables and parameters are discussed below (and detailed descriptions can be found 
in Appendix 8 and associated references). 

The FEIS model provides for a settling velocity by redefining the longitudinal coordinate at a 
downward angle defined by the relationship between the longitudinal current speed and as
sumed vertical settling velocity such that 

where 
x' = x · cos(0) 

0 = tan-I (u/ws) 

u = ambient horizontal, longitudinal velocity 

Ws = settling velocity 

x = horizontal longitudinal coordinate given by t-u (tis time) 

x' = redefined longitudinal coordinate 

The FEIS model also accounts for vertical diffusion by applying a non-dimensional concentra
tion reduction factor based on a Fickian diffusion coefficient (Kv). This factor is applied to the 
calculated centerline concentration (Cmax)CL to obtain an adjusted value (Cmax)ADJ-CL accounting 
for vertical diffusion as: 
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(Cmax)ADJ-CL = (Cmax)o · {(H/ 4) / (2-KA + H2/16) 05} 

where H is the initial vertical plume dimension defined as the vertical extent of the plume at the 
beginning of initial dilution, with H/ 4 as the distance from the surface to the point of Cmax, and 
is a vertical dimension used to account for the effect of vertical diffusion in the farfield model. 
The relationship of H to the plume geometry is discussed further below. Travel time along the 
plume trajectory is represented by t. The two changes described above are the only modifi
cations made to the original Brooks formulation. The FElS model input variables include am
bient current speed, initial dilution, settling velocity, and initial plume dimensions (as 
characterized by L). 

Based on the descriptions in the 1989 FElS, the model was reproduced and tested by CH2M 
HILL. The model results for all cases were not able to be exactly reproduced and there may be 
some errors, simplifications, or inconsistencies in the original formulation. However, these 
errors are not "fatal'' and generally not significant. 1n fact, the differences noted below may be 
simply caused by differences in the numerical formulation between the two approaches. The 
maximum disagreement between results from the CH2M HILL formulation and the initial FEIS 
formulation of the model are on the order of 10 percent, and typically much smaller. Tables 3.1 
and 3.2 show the comparison of published predictions for the FEIS model and the CH2M HILL 
spreadsheet model predictions based on the same set of differential equations. The FElS model 
predictions appear to have been reasonable, and probably conservative, for the development of 
the ocean dumping siting and operational procedures. 

Evaluation of the Previous Model 
The FEIS model is evaluated below on the basis of the assumptions and input used to develop 
and implement the model. These factors fall into three categories which are examined to deter
mine the general and specific applicability of the model approach and the model formulation 
and implementation, respectively. The three categories considered are: [1] assumptions in
volved in the basic formulation of the model involving the fundamental physics and mathemat
ics used; [2] the assumptions and methodology used to chose the magnitudes of the variables 
describing the important physical processes; and [3] the values used for the description of ambi
ent conditions and characteristics of the waste material. Each of these categories of model as
sumptions and input was examined and re-evaluated, as discussed in more detail below. 1n 
addition to the direct re-evaluation of the model assumptions and inputs, the sensitivity of the 
model to important variables was assessed. 

The FEIS model is based on differential equations that consider lateral and vertical diffusion. 
Longitudinal diffusion (in the direction of the ambient current) is neglected because of its rela
tive magnitude which is small compared to other terms. This assumption is well founded for 
the current patterns observed and anticipated in the disposal area. The actual equations were 
developed by Brooks (1960) and can be rearranged to resemble the classical error function by 
adding an exponential decay term. For open ocean applications the diffusivity is expressed in 
terms of a 4/3 power relationship, which is a widely accepted approach (see for example Fischer 
et al. (1979). The affect of vertical diffusion is assumed to be Fickian. An appropriate term is 
multiplied with the error function to predict total diffusion from both lateral and vertical com
ponents. The approach taken in the FElS model appears reasonable for application to the far-
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field following the initial development of the waste plume. It is noted that the model as repro
duced by CH2M HILL on a spreadsheet application uses a numerical approximation to the er
ror function (with an associated error of less than 2-10-7). Differences between the FElS model 
and the CH2M HILL implementation of that model described above may be explained, at least 
in part, by differences in the approximations used for the error function. 

The vertical diffusion in the FEIS model is dependent on a coefficient of vertical diffusion which 
is assumed constant during the winter and depth dependent during the summer (as reflected in 
the results in Tables 3.1 and 3.2). The reasoning behind this approach is based on the seasonal 
existence of a thermocline in the summer. The vertical diffusion coefficient is the only depth 
varying parameter in the governing equations used in the FEIS model. 

In the FEIS model the initial plume depth is take to be H/ 4, where the dimension H is obtained 
from the equation, 

where, 
U = ambient velocity, 
L = a characteristic length parameter, 
Co = the initial waste concentration (at the beginning of farfield dilution), 

and 
Q = the flow rate of the waste stream from the barge. 

The width of the initial plume is taken to be twice the turning radius of the dumping vessel_ A 
characteristic length of the vessel, set equal to the geometric mean of the half beam, and the draft 
of the vessel, is the length parameter used in the equation to calculate initial concentration. The 
FEIS modeling report does not clearly justify this assumption. One of the suggested modifica
tions to the model, as described below, is a better description of the initial dilution of the plume. 
The formulation used in the FEIS model is not particularly well founded in physics, although it 
appears to be quite conservative in terms of the formulation of initial dilution, particularly for 
the vessel and disposal method currently being used (based on the discussions below) and is 
acceptable from a regulatory basis where any uncertainty should be on the conservative side. 

The FEIS model makes several assumptions concerning the initial dumping of the waste. First, 
the relative velocity term that is used in the equation for calculating the initial concentration, Co, 
is simply the speed of the vessel (over the bottom) where: 

Co= Q/(1.814·1t·R2·V) 
with 

Q = to the discharge rate of waste 

R = a characteristic length of the body as described in Appendix 8 

V = relative speed of the ship to the receiving water. 

It is noted that Co is a dimensionless concentration, or the constant 1.814 has dimensions of in
verse concentration. The FEIS is not clear on this point and the original references must be re-
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viewed to clarify this point. However, the specification and use of Co is the major difference be
tween the FEIS model and the revised model calculations presented below, and the FEIS specifi
cation of Co is not used further in this study. 

In the FEIS specification of Co, the assumption is made that as the ship circles in a constant am
bient current, the net effect of the ocean current is canceled out. In addition, the flow value used 
is a time average which changes in response to relative velocity. Thus, it may be considered that 
there is no net effect on initial concentration because the calculation of Co involves flow in the 
numerator and relative velocity in the denominator. Regardless of the rationale, the ambient 
current speed is at least an order of magnitude smaller than the vessel speed, thus the use of 
vessel speed for relative velocity is a reasonable assumption. 

Assumptions used, once the initial dumping has occurred, include maintaining the majority of 
the plume near the surface, surface waves can be disregarded, the plume does not reach the 120 
fathom contour, and the pumping rate mixes the flow without altering the wake pattern of the 
vessel. All of these assumptions are physically reasonable or, if over-simplified, appear to result 
in a conservative approach (dilution will be under predicted since the effects would be generally 
to confine the wastefield to a region that might be smaller than would actually occur). 

Three areas for improvement in the FElS model have been identified as a result of the evaluation 
summarized above. One of these involves the modeling of the initial dilution processes which 
determines the initial concentration used as an initial condition in the farfield model. The other 
two areas involve the actual formulation of the farfield model and are discussed below. These 
problems with model formulation probably explain, at least in part, the differences in predic
tions of the FEIS model and CH2M HILL' s application of that model as discussed above. No 
reason to significantly modify, or replace, the farfield model (essentially the FElS model) has 
been identified other than to address the points discussed below. However, it is believed that a 
more realistic approach to initial dilution is available and has been incorporated into the overall 
model, as described below in the following section on revised model predictions. 

In the FEIS modeling report, the values given for the vertical diffusion coefficient, Kv, are based 
on seasonal variability. As described above, winter values are held constant. Summer values 
are presented for depth ranges of 100 meter intervals: 0 to 100 meters, 100 to 200 meters, and 
below 200 meters. Kv is the only depth dependent variable in the model. The results shown in 
Appendix B of the FEIS (Appendix 8 of this report; see page B-18) show different values of 
CMAx/Co for two fall velocities of 0.1 cm/sec and 0.01 cm/sec for, and only for, the case of 0.2 
knot ambient current (values are the same for the two fall velocities for other ambient currents). 
Since all depths are less than 100 meters for these two cases, and Kv is constant, the differences 
are curious. 

For the reason described above, CH2M HILL' s implementation of the FEIS model could not 
replicate the results for the 0.2 knot current speed (see Table 3.2). In addition, the CH2M HILL 
implementation could not reproduce the deep (fall velocity of 1 cm/ sec) case within an accuracy 
of up to about 10 percent (see Table 3.2). The latter discrepancy may well be related to the other 
problems mentioned above. The original model code was not obtained, so a definitive answer 
concerning these problems was not available. However, the differences are not particularly 
troublesome, given the nature of the model to begin with, as discussed above, and do not com
promise the results of the original study in any way. Overall agreement remains very good. 
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Examination of the characteristics of the HSW indicates that it will generally remain near the 
surface as a neutrally buoyant plume and the farfield model does not need to consider a nega
tively buoyant fraction. Thus, in the developments below, CH2M HILL considered only a sur
face plume and did not vary Kv with depth (but only with season). 

Another possible problem with the implementation of the FEIS model occurs when the two 
waste pumping rates are considered. The modeling report indicates that the discharge rate from 
the vessel is 140 gpm per knot of vessel speed, up to 10 knots. Initial concentration of waste is a 
function of flow divided by relative velocity. This implies that the initial concentration will 
remain about the same, particularly since the vessel speed is taken as the relative velocity as 
discussed above. However, the initial concentrations reported are 0.OJ0222 and 0.CXXJ621, for a 
discharge of 500 gpm and 1400 gpm, respectively. lt appears that the vessel speed was not 
varied with discharge rate. Again, this leads to conservative predictions, as the initial 
concentration for the higher discharge rate is over-stated. The model as implemented by CH2M 
HILL for the current disposal operations did vary vessel speed with discharge. 

The FEIS model was developed based on a different vessel, using a different operational mode 
of discharge, than currently used. CH2M HI LL has considered the current vessel and 
operational procedures. Based on the evaluation of the existing modeL including the possible 
errors mentioned above and the changes in discharge operation, a revised model for the initial 
dilution process (prediction of initial concentration) is considered appropriate. The revisions 
should account for both the discharge of the material directly between the two counter rotating 
propellers of the FV Tasman Sea and a more sophisticated approach to dilution in the propeller 
slip stream. Farfield dilution can then be calculated following methods similar to those used 
previously, and using CH2M HILL's spreadsheet formulation of the initial FEIS farfield model 
(and applying the changes described above to the original FEIS formulation). 

Revised Model Formulation and Predictions 
An independent model was formulated and used to evaluate the dispersion of waste discharged 
from the barge. The purpose of this model is to provide an alternative to more realistically de
scribe the fate and transport of the discharge. The primary differences between the FEIS and the 
CH2M HILL model approaches are the use of initial dilutions as determined based on the dy
namics of the propeller slipstream and the use of characteristics of the current dumping vessel. 

The new model developed by CH2M HILL consists of three parts: 

• Dumping dilution - results from the initial discharge into the propeller wash and is 
numerically equivalent to the propeller discharge rate plus the waste discharge rate 
divided by the waste discharge rate: 

• Nearfield Dilution - results from the entrainment of sea water into the momentum jet 
from the propellers which contains the waste discharge 

• Farfield Dilution - results from the subsequent dilution of the plume and is essentially 
the same model used previously with the differences described above. 
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The major difference between the previous (FEIS) and current approach is the development of 
initial concentration (Co in the FEIS model) to be used in translating the farfield (Brooks' 
formulation) calculations into actual concentrations or total dilutions. The combination of 
dumping dilution and nearfield dilution is essentially a replacement for the specification of Co 
previously used in the FEIS. The formulation and predictions for each of the three parts of the 
model are described below. The transition between the nearfield and farfield is also discussed. 
Figure 3.1 is a schematic of the various regions modeled and discussed below. 

The vessel characteristics assumed for the models are based on the known vessel characteristics 
as described by the vessel operator and are as follows: 

Number of Propellers: 
Propeller Diameter: 
Propeller Spacing: 
RPM/Speed: 

Draft: 
Beam: 
Discharge Pipe: 

Dumping Dilution 

2 - counter rotating (to CL from above) 
4feet 
15 feet on center 
500 rpm at slow ahead (6 knots- stabiliz.ed) 
700 rpm at 8 knots 
900 rpm at 10 to 11 knots 
12 feet (propeller CL at 10 feet) 
38 feet 
6 in diameter to CL of propeller pair 

The dumping dilution is the immediate dilution realized as the discharge pipe releases waste at 
the stem of the vessel between the two counter-rotating propellers (Figure 3.2 illustrates the 
process schematically). It is calculated as the propeller discharge rate (water flow through the 
propeller) plus the waste discharge rate divided by the waste discharge rate: 

Dumping dilution is equivalent to the ratio of concentration immediately after injection of the 
waste to the initial concentration. The discharge rate through the propeller can be calculated 
using propeller theory. The most direct calculation is based on the momentum theory of 
propellers and a practical explanation and description, with further references, can be found in 
Liou and Herbich (1976). CH2M HILL project staff have used this approach to calculate 
induced water speeds by ferries in Puget Sound (Washington), barges on the Cohansey River 
(New Jersey) to evaluate subsequent induced sediment transport. 

The velocity Vo (in knots) through the propeller immediately behind the vessel is given by: 

Vo= (l+b)-VA 
where 

VA is the ship speed (knots), 
and 

b = 2a = 2-(1/fli -1), with f11 = ideal efficiency= 2/ (l+(C-r+l)I/2). 
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The term CT is the dimensionless thrust loading coefficient, 

where 
CT= T / (0.5-p-Ao·(V A)2) 

T = thrust developed= Krp-n2.1)4/3600 (units of force-knots-slugs-rpm) 
KT= the thrust coefficient described below (knots/ (feet-rpm)) 
p= density of water (1.99 slugs per cubic foot) 
Ao= disk area of propeller, rc/ 4-02 (square feet) 
n = rpm of propeller (revolutions per minute) 
D = diameter of propeller (feet). 

The term KT is the thrust coefficient which is a function of the propeller-characteristic curve and 
is approximated as a function of the speed coefficient, h, as described in Liou and Herbich 
(1976): 

KT= 0.48-0.41-h 
and 

fr= 101.33-VA/(n-D) 

where variables are as defined above. 

From the above velocity Yo and the propeller area Ao, the flow through the propeller (Qo) can be 
calculated as Vo· Ao. 

Application of the above relationships, using the vessel characteristics provided, results in the 
following immediate dumping dilutions: 400:1 and 367:1 for discharge flows of 1400 gpm and 
840 gpm, respectively, and for a single propeller stream. For the dual propellers the dumping 
dilutions become 800:1 and 733:1 for the same flows, since half the effluent is considered 
entrained behind each propeller. The vessel is assumed to be traveling at 10 knots and at 6 
knots for discharge rates of 1400 gpm and 840 gpm, respectively. This is the reasonable range of 
speeds the vessel can make in the open sea. These flows correspond to winter time Oune 1 
through November 30) permitted disposal rates of 140 gpm/knot with a maximum of 10 knots. 
The summer permitted hmit is at 120 gpm/knot with a maximum of 10 knots and the dilutions 
would be approximately 1.17 times those hsted above. Calculations for dumping dilutions are 
summarized in Table 3-3 and 3-4. 

Nearfield Dilution 
The use of propeller theory to determine the immediate initial dilution partially replaces the 
initial dilution (or concentration, Co) used in the FEIS model. As described above, 
CH2M HILL also applied another model between the initial dilution and the farfield predic
tions based on the Brooks method. This was done to account for the rapid mixing within 
the propeller slipstream. The model assumes that all of the waste discharged is entrained 
in the slipstream. This is considered a very good assumption, and, based on the disposal 
method, it is difficult to see how the situation could be otherwise. 
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The nearfield approach used (Sobey, 1994) considers conservation of momentum in a round 
momentum jet (the propeller slip stream). The centerline velocity, Uci., and flow at any 
distance x from the point of discharge, Qx, are given by: 

and 

where 

and 

Ko= Qo•Vo 
with subscript o indicating initial conditions at the propeller, 

Qo =Vo· Ao 
where Vo is the velocity of the jet through the propeller and is taken 
relative to the ambient fluid and Ao is the propeller area, 

h = 0.72, 
b = 0.36, 

a= 0.096. 

For the above two equations, consistent units must be used since all constants are unitless. 
For example, distance in feet, velocity in feet per second, and flow in cubic feet per second 
are consistent units. 

Nearfield dilution (DN) at a distance x from the point of discharge is given by Qx/Qo. The 
dilution as a function of x will remain the same for various vessel speeds, since the initial 
flow through the propeller changes in direct response to vessel speed. This apparently 
counter-intuitive result is shown as follows: 

but 

and 

so ON is not a function of Vo; it is only a function of distance (x) for a given Ao. 

The momentum theory for propellers also provides a means to calculate velocity and is 
given in Liou and Herbich (1976): 
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V(r,x) = (Vo·Do/x)•10c 

where 
i: = 0.79- 33-(r/x)2 
r = distance in the radial direction 

and on the centerline (r = 0): 
V(x) =UCL= (Vo·Do/ x)-6.17. 

As a check the calculations for velocity were done using both equations for centerline 
velocity and agreement was excellent when calculated on the same basis. Calculations for 
nearfield dilutions are summarized in Table 3-3 and 3-4 which also contain the pertinent 
calculations and comparisons for both methods. 

The nearfield dilution achieved will be affected because of the interference between the two 
jets when they merge. This will result in a smaller "entrainment area" (the surface area of 
the plume) exposed to "clean" (ambient as opposed to the water in the second plume) wa
ter. In addition the plumes will intercept the surface and this will also reduce the entrain
ment area. When these results are considered, and the geometry of a round jet is 
maintained, the surface area available for entrainment is reduced to about 50 percent of the 
area of an otherwise undisturbed double plume, or approximately the same as an undis
turbed single plume, past a point about 300 feet from the point of discharge. Table 3.5 
shows the nearfield dilution as a function of distance, taking into account the affect of the 
adjacent propeller slip stream. The calculation scheme and results for determining the fac
tor by which the surface area of the jet is affected are provided in Appendix 9. It is noted 
that the distance along the nearfield plume is considered at a constant depth below the wa
ter and the plume is considered neutrally buoyant with insignificant settling or deepening 
of the plume (in terms of the farfield model geometry, x~x'). 

The interference of side-by-side plumes and the surface will also act to change the shape of 
the plume, and result in increased surface area compared to the calculations above. Other 
factors such as concentration gradients across the plume and the actual flow field also act to 
make the use of an entrainment area approach somewhat conservative, since actual en
trainment areas are expected to be larger than the development presented here. However, 
to maintain a good degree of conservatism, we have assumed the dilution for both slip
streams combined, once the plumes merge, will be reduced by the entrainment ratio as cal
culated. 

Transition Region 
The modeling performed for this study has not strictly attempted to provide a smooth 
match or connection between the nearfield and farfield plumes. The transition region is ig
nored. The parameter H, as used in the FEIS farfield model, is the dimension applicable at 
the beginning of the farfield calculations - but may not match the dimension at the end of 
the nearfield calculations, arbitrarily taken to be 1000 feet from the vessel. In general, the 
connection between farfield and nearfield models are seldom rigorous. For the present 
study, the farfield model is used as an estimate of the additional dilution one might expect 
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in the dumping zone following nearfield dilution. This approach is taken since, from a 
regulatory perspective, the combination of dumping and nearfield dilution is sufficient and 
any subsequent farfield dilution is considered a safety factor. The consequences of this ap
proach are discussed in more detail below. 

There are three regions (Figure 3.1) to consider following the initial mixing that is referred 
to as dumping dilution: a region where turbulent diffusion dominates, a transition region 
where turbulent diffusion and passive diffusion are comparable, and a region where only 
passive diffusion is acting. The diffusion, and thus dilution, is greater in the turbulent re
gion than in the passive region, and would be intermediate between these two in the transi
tion region. This study takes an approach that considers the nearfield within a region that 
is dominated by turbulent diffusion in the jet. This region was "arbitrarily" taken as 1000 
feet based on examination of the lapse rate of dilution (with distance) compared to the lapse 
rate of dilution as predicted by the farfield model. 

Considered more rigorously, nearfield dilution can be considered to end where passive dif
fusion is comparable to turbulent diffusion within the plume. This may not be at 1000 feet 
as assumed and a more justifiable distance, based on specific conditions for each case con
sidered, could be developed. At this point the region where turbulent and passive diffu
sion would be comparable is ignored and the farfield dilution calculations are applied. 
Since the transition region would exhibit greater diffusion than the farfield (passive) region, 
this approach should understate the dilution achieved. This is consistent with the objec
tives of the study which are not necessarily to provide the most accurate or sophisticated 
prediction of dilution but rather to provide a prediction to evaluate the impacts of discharge 
at the edge of the permitted zone in the context of measured toxicity of the waste. If a de
monstrably conservative approach shows no impact there is no rationale for refining the 
predictions. 

A smooth transition between the end of the nearfield to the beginning of the farfield would 
require yet another model that handles both turbulent (turbulence originating from the 
propeller slip stream) and passive (ambient levels of turbulence) diffusion in the transition 
region where they are of comparable magnitude. This was not done and the dimensions of 
the plume between the nearfield and farfield are not necessarily matched. However, the 
dimension at the beginning of the farfield is the same as previously used in the FEIS and is 
based on the turning radius of the ship. The reason for this is, that based on the ambient 
current speed, vessel speed, and dumping track of the vessel, the vessel operations are con
strained by the permit such that plume overlap is not, in general, expected except as fol
lows: an overlap type of phenomena is anticipated at the point of plume formation by 
merging as the vessel turns down current at the end of alternate legs. To account for this 
eventuality we used a length parameter based on the turning radius of the ship as the 
worst case starting condition for the farfield calculations just as was done in the FEIS 
model. 

As mentioned above, the value at 1000 feet is taken as the value for the nearfield dilution in 
the calculations of total dilution described below. Additional justification for this, sup
porting the discussion above, can be found in Tables 3.3 and 3.4, where the plume velocity 
at 1000 feet is shown to be comparable to the maximum ambient ocean currents. Thus, 
nearfield dilution ends when the plume speed approaches the speed of the ambient cur
rents. This is a conservative (under predicts dilution) approach since there will be addi-
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tional or enhanced dilution in the propeller stream further than this distance for lower than 
maximum ambient currents 

Farfield Dilution 
The evaluation of the previous (FEIS) farfield modeling can be summarized fairly suc
cinctly: after examination of the previous work, and considering the characteristics of the 
new disposal vessel (counter-rotating twin screw propulsion with waste introduced be
tween the screws), the most significant shortcoming of the previous model appears that it 
very likely substantially underpredicted the initial dilution_ To address the implications of 
the evaluation in more detail an approach was developed to predict the initial and subse
quent phases of dilution (dumping dilution and nearfield dilution as described above) that 
is considered somewhat less conservative in terms of possibly under predicting initial dilu
tion, than the original model. It was not attempted to describe the fate of the waste in great 
detail or in a rigorously definitive fashion, but to provide estimates sufficient for planning 
and regulatory decision making and attempting to keep assumptions "conservative" as de
fined above. 

As mentioned above, CH2M HILL used the previously applied farfield transport model 
implemented on an Excel spreadsheet The FEIS model is described in Appendix 8 which 
reproduces Appendix B of the FEIS referenced above. Appendix 8 should be consulted for 
a thorough review of the physical and mathematical basis of the model, since that descrip
tion is not reproduced here. As discussed above, when using the same input data as used 
in the FEIS modeling, the results are in excellent agreement. The geometry and dimensions 
of the current vessel are used_ Initial concentration is set to unity to calculate relative dilu
tions (or concentrations). 

Two key parameters used in this model are the vertical diffusion coefficient, Kv, and the 
horizontal dissipation parameter, A Varying these parameters in the model, using the 
spreadsheet formulation, demonstrated that the results are not particularly sensitive to Kv 
and are, as expected, moderately sensitive to variations in A Since the time of develop
ment of the FEJS model there is no data that would indicate that these constants should be 
changed from the previous values, and the same values were used. In addition, a literature 
survey of recommended values for A indicate that the value used is reasonable for open 
ocean applications. Fischer (1979) recommends using a value between 0.0002 and 0.001; 
Yearsley (1989) recommends the same range; Grace (1978) recommends 0.00015 to 0.005; 
and Baumgartner et aL(1993) recommend 0.0002 to 0.001. These suggested ranges are gen
erally for application to nearshore coastal and inland waters. For open ocean water, with 
no effects of boundaries and significant wind and wave action, the high end of the sug
gested range is appropriate. Thus, the value previously used in the FEIS model (0.001) has 
been retained. Note that units of A as discussed above are ft2/3 / sec. 

As in the case of the previous modeling, the farfield dilution is seasonally dependent based 
on the strength and structure of the thermocline. Farfield predictions were done for the 
same set of conditions as done previously: 

• A range of ambient ocean current speeds of 0.2 to 1.0 knots 
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• A range of vessel speeds of 6 and 10 knots 

• Winter conditions with no change in Kv with depth 

• Summer conditions with Kv dependent on depth (however, only the surface 
layer was modeled for this case because that is a worst case condition) 

The results of the farfield modeling are summarized in Table 3.6 and detailed model output 
is provided in Appendix 10. Table 3.6 reports the farfield dilution at distances of 2.5 and 5 
nautical miles from the release area corresponding to the approximate down current edge 
of permitted dump zone and the closest point to possible land influence. (These distances 
are somewhat less than actual distances to the points referenced.) Results for ocean cur
rents of 0.4 knots and 0.8 knots, corresponding to minimum and maximum expected ocean 
currents (as discussed in the FEIS) are described for vessel speeds of 6 and 10 knots in Table 
3.6. Results for additional cases are provided in Appendix 10. 

The permits specify in some detail where the disposal is to be done within the designated 
dump site (Special Condition 4.3.1 through 4.3.3) and a computerized navigational system 
is required (Special Condition 4.5). The permits further require the master of the vessel to 
submit a plot of the vessel course for each dumping operation (Special Condition 4.3.4) and 
maintain and submit a detailed log of operations (Special Condition 4.3.7). Of particular 
note are the requirements for the vessel positioning for disposal operations which are 
summarized as follows: 

• the vessel 11 
•• • shall proceed directly to the center of the disposal site" .. ; 

• 
11 

••• the master of the vessel shall observe the conditions at the dump site center, 
noting the vessel's position (latitude and longitude), wind direction and observed 
surface current direction ... "; 

• " ... the master of the disposal vessel shall proceed 1.1 nautical miles up current 
from the center of the disposal site and record the position of the disposal vessel 
(latitude and longitude). This position shall be the starting point for disposal opera
tions ... " 

The vessel navigation is done using GPS (and a plot is generated on each trip to the dis
posal site). Potential errors in navigation are on the order of 100 feet. Therefore, the master 
of the vessel should have no problem finding the center of the dump zone or positioning 
the vessel as described above. In addition, using GPS, observing the wind direction, and 
with a knowledgeable crew familiar with windage and current drift near surface current 
direction is relatively easy to determine. It is the surface current that is important for the 
dispersion of the wastes. The wastes are essentially neutrally to slightly positively buoyant 
(only a very small fraction, if any, will be significantly negatively buoyant) as described by 
the monitoring data discussed in Section 4 of the report below. Therefore, any deeper cur
rents, that might be in a different direction than the near surface layer, will not be impor
tant for dispersion within the dump zone. 

The points above provide justification for assuming that the waste will be dumped at the 
correct location and the nearest distances to the down current edge of the dump site and 
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the nearest shoreline or reef will be greater than 2.5 and 5 nautical miles, respectively. 
Therefore dilution based on disposal at other than the permit specified locations has not 
been discussed. However, the information needed to assess the effects of dumping at vari
ous distances from the edge of the site is provided in the detailed descriptions of the far
field model results in Appendix 10, and the interested reader may therefore calculate total 
dilution at any distance from the discharge vessel desired. Figure 3.3 will also provide an 
estimate of predicted dilutions with distance from the vessel. 

Summary of Model Predictions 
The dilutions for the range of seasonal and operational parameters are as follows: 

• Dumping dilution: The immediate dilution on dumping ranges from approximately 
730:1 to 930:1 depending on discharge rate (seasonal constraint) and vessel speed, 
assuming a maximum permitted discharge per knot of vessel speed. 

• Nearfield dilution: The dilution within the propeller slipstream, for first l(XX) feet, is 
predicted to be about 42:1. 

• Farfield Dilution: Using essentially the same model as applied in the FEIS the farfield 
dilution is predicted to range from approximately 11:1 to 30:1 prior to reaching the 
edge of the dumping zone, and 24:1 to 77:1 prior to reaching the shore line or closest 
reef area. The farfield dilution depends on a number of environmental and 
operational variables and can vary from season to season and from day to day. 

The dilutions described above are developed in a multiplicative fashion where the dilution is 
applied to the concentrations at the beginning of the individual mixing processes. Thus the 
overall dilution at the edge of the dumping zone is the product of the numerical values of the 
three dilutions described above: 

Total dilution= (dumping dilution) x (nearfield dilution) x (farfield dilution) 

The results of the model predict minimum dilutions of approximately 400,CXXJ:1 at the edge of 
the dumping zone (for summer conditions with an ocean current of 0.8 knots and a dumping 
rate of 1200 gallons per minute corresponding to a vessel speed of 10 knots). These dilutions are 
predicted under what the authors of this report consider to be conservative (under predicted 
dilutions) and worst case conditions. In addition the farfield dilution calculations are based on 
centerline or maximum values and the average dilutions within the plume would be less by 
approximately a factor of two. The range of dilutions, and corresponding concentrations of 
waste are described in more detail in the concluding section of the report (Section 5). As an 
example of dilution through the dumping zone from the point of discharge, Figure 3.3 shows 
dilution as a function of distance for winter and summer conditions that would exhibit the 
lowest overall dilutions (highest ocean currents and highest permitted dumping rates and vessel 
speeds). 

3-14 



MODELING EVA!.lJATION- JOlNT CANNERY OCEAN DUMPING STUDIES 

Deviations from the Study Plan 
The original study plan for the modeling is provided in Appendix 2. There were a num
ber of minor deviations from the initially described study plan for the modeling elements of 
the study. As in any study of this kind, such deviations often arise. All such deviations 
are, at least implicitly, covered in the report. These deviations included: 

• Sensitivity to lateral diffusion and vertical diffusion coefficients: For the reasons 
presented above, including the difficulty of obtaining site specific field, the same 
coefficients for horizontal diffusion in the farfield model were applied as used in 
the FEIS study. Although a formal sensitivity analysis was not done, variations 
in the coefficient were examined and no reason was found to change the previ
ous value. The examination of monitoring data, presented in Section 4 below, 
provides a level of confidence that the model predictions are appropriate and the 
physics of the plume dispersion appear to be somewhat conservatively esti
mated (dilution appears to be underestimated) by the model and the coefficients 
used in the model. 

• Effluent characteristics of density and settling speed were not explicitly utilized 
in the modeling (except in reproducing the previous FEIS results). As described 
in the report we considered the entire plume as a surface plume which provides 
a worst case analysis and is consistent with the density of the wastes as de
scribed in Section 4 below. The initial dilution is so rapid and at such a level that 
the assumption of neutral buoyancy is very well approximated. 

• The field data to rigorously calibrate and verify the model is not available and 
would be difficult to obtain. Based on the final conclusions concerning toxicity, 
such an effort is not justified. The available monitoring data, however, was 
compiled, collated, examined, and evaluated and additionally analyzed to pro
vide a qualitative and potentially semi-quantitative method of evaluating the 
model predictions. Section 4 below describes this process and the results indi
cate that this process is sufficient for the purposes of the study. 

In general, the study plan was followed, with the minor deviations described above not affecting 
the usefulness or the application of the study results. 
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Table 3.1 
Comparison of Original FEIS and CH2M HILL Reformulated Model Predicitions 

Winter Conditions Summer Conditions 

Distance (n. CH2MHILL 
FEIS Model Percent error 

CH2M HILL FEIS Model Percent error 
mi.\ Model Model 

Cmax/Co for Current Speed of 0.2 knots and Discharge of 500 pm 

0.0 1.00000 1.00000 

0.5 0.06745 0.10016 

1.0 0.03365 0.03364 -0.03 0.05001 0.04999 -0.04 

1.5 0.02044 0.02043 -0.04 0.03039 0.03038 -0.05 

2.0 0.01380 0.01379 -0.07 0.02053 0.02052 -0.05 

2.5 0.00997 0.00996 -0.07 0.01483 0.01482 -0.07 

3.0 0.00754 0.00754 -0.06 0.01123 0.01122 -0.07 

3.5 0.00591 0.00591 -0.06 0.00880 0.00880 -0.02 

4.0 0.00476 0.00476 -0.04 0.00709 0.00709 0.03 

Cmax/Co for Current Speed of 0.2 knots and Discharge of 1400 lDm 

0.0 1.00000 1.00000 
0.5 0.06745 0.10016 
1.0 0.03365 0.03364 -0.03 0.05001 0.05000 -0.02 

1.5 0.02044 0.02043 -0.04 0.03039 0.03039 -0.01 

2.0 0.01380 0.01380 0.00 0.02053 0.02052 -0.05 

2.5 0.00997 0.00996 -0.07 0.01483 0.01483 -0.01 

3.0 0.00754 0.00754 -0.06 0.01123 0.01123 0.02 

3.5 0.00591 0.00591 -0.06 0.00880 0.00880 -0.02 

4.0 0.00476 0.00476 -0.04 0.00709 0.00709 0.03 
Cmax/Co for Current Speed of 0.4 knots and Discharge of S00upm 

0.0 1.00000 1.00000 
0.5 0.05648 0.08393 
1.0 0.03386 0.03385 -0.02 0.05037 0.05035 -0.04 

1.5 0.02305 0.02305 -0.02 0.03431 0.03430 -0.03 

2.0 0.01685 0.01684 -0.04 0.02508 0.02507 -0.03 

2.5 0.01291 0.01290 -0.04 0.01921 0.01920 -0.06 

3.0 0.01023 0.01022 -0.08 0.01523 0.01522 -0.04 

3.5 0.00832 0.00831 -0.10 0.01238 0.01238 -0.03 

4.0 0.00690 0.00690 -0.06 0.01028 0.01028 0.00 
Cmax/Co for Current Speed of 0.4 knots and Discharge of 1400apm 

0.0 1.00000 1.00000 
0.5 0.05648 0.08393 
1.0 0.03386 0.03385 -0.02 0.05037 0.05036 -0.02 

1.5 0.02305 0.02305 -0.02 0.03431 0.03430 -0.03 

2.0 0.01685 0.01684 -0.04 0.02508 0.02507 -0.03 

2.5 0.01291 0.01290 -0.04 0.01921 0.01921 -0.01 

3.0 0.01023 0.01022 -0.08 0.01523 0.01522 -0.04 

3.5 0.00832 0.00832 0.02 0.01238 0.01238 -0.03 

4.0 0.00690 0.00690 -0.06 0.01028 0.01028 0.00 
Cmax/Co for Current Speed of 0.8 knots and Discharge of 5001 pm 

0.0 1.00000 1.00000 
0.5 0.04161 0.06190 
1.0 0.02828 0.02827 -0.02 0.04209 0.04207 -0.04 

1.5 0.02139 0.02138 -0.04 0.03184 0.03183 -0.04 

2.0 0.01694 0.01693 -0.06 0.02522 0.02521 -0.05 

2.5 0.01382 0.01382 -0.02 0.02058 0.02058 -0.01 

3.0 0.01153 0.01153 -0.02 0.01717 0.01717 -0.01 

3.5 0.00979 0.00979 0.01 0.01458 0.01457 -0.04 

4.0 0.00843 0.00842 -0.08 0.01255 0.01254 -0.06 
Cmax/Co for Current Speed of 0.8 knots and Discharge of 1400gpm 

0.0 1.00000 1.00000 
0.5 0.04161 0.06190 
1.0 0.02828 0.02827 -0.02 0.04209 0.04209 0.01 

1.5 0.02139 0.02138 -0.04 0.03184 0.03184 -0.01 

2.0 0.01694 0.01694 0.00 0.02522 0.02522 -0.01 

2.5 0.01382 0.01382 -0.02 0.02058 0.02058 -0.01 
3.0 0.01153 0.01153 -0.02 0.01717 0.01717 -0.01 

3.5 0.00979 0.00979 0.01 0.01458 0.01457 -0.04 
4.0 0.00843 0.00842 -0.08 0.01255 0.01254 -0.06 
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Table 3.2 
Comparison of Original FEIS and CH2M HILL Reformulated Model Predicitions 

Summer Deep Summer Mid-Depth 

Distance (n. CH2MHILL 
FEIS Model Percent error 

CH2M HILL FEIS Model Percent error 
mi.l Model Model 

Cmax/Co for Current Soeed of 0.2 knots and Discharge of 5001 pm 

0.0 I 1.00000 1.00000 

0.5 0.10348 0.10016 

1.0 0.05168 0.05423 4.70 0.05001 0.04999 -0.04 

1.5 0.03141 0.03242 3.11 0.03039 0.03038 -0.05 

2.0 0.02122 0.02172 2.31 0.02053 0.02052 -0.05 

2.5 0.01533 0.01562 1.87 0.01483 0.01482 -0.07 

3.0 0.01161 0.01179 1.57 0.01123 0.01133 0.90 

3.5 0.00910 0.00922 1.33 0.00880 0.00947 7.06 

4.0 0.00733 0.00741 1.13 0.00709 0.00805 11.95 
Cmax/Co for Current Speed of 0.2 knots and Discharge of 1400 lorn 

0.0 1.00000 1.00000 

0.5 0.10348 0.10016 
1.0 0.05168 0.05423 4.70 0.05001 0.05000 -0.02 

1.5 0.03141 0.03242 3.11 0.03039 0.03039 -0.01 

2.0 0.02122 0.02172 2.31 0.02053 0.02052 -0.05 

2.5 0.01533 0.01562 1.87 0.01483 0.01483 -0.01 

3.0 0.01161 0.01179 1.57 0.01123 0.01133 0.90 

3.5 0.00910 0.00922 1.33 0.00880 0.00947 7.06 

4.0 0.00733 0.00741 1.13 0.00709 0.00805 11.95 
Cmax/Co for Current Soeed of 0.4 knots and Discharge of 500 10m 

0.0 1.00000 1.00000 
0.5 0.08674 0.08393 
1.0 0.05206 0.05794 10.15 0.05037 0.05035 -0.04 

1.5 0.03546 0.03798 6.63 0.03431 0.03430 -0.03 

2.0 0.02592 0.02726 4.92 0.02508 0.02507 -0.03 

2.5 0.01986 0.02067 3.93 0.01921 0.01920 -0.06 

3.0 0.01574 0.01627 3.27 0.01523 0.01522 -0.04 

3.5 0.01280 0.01317 2.80 0.01238 0.01238 -0.03 

4.0 0.01063 0.01089 2.43 0.01028 0.01028 0.00 
Cmax/Co for Current Speed of 0.4 knots and Discharoe of 1400nom 

0.0 1.00000 1.00000 
0.5 0.08674 0.08393 
1.0 0.05206 0.05795 10.16 0.05037 0.05036 -0.02 

1.5 0.03546 0.03799 6.66 0.03431 0.03430 -0.03 

2.0 0.02592 0.02727 4.95 0.02508 0.02507 -0.03 

2.5 0.01986 0.02067 3.93 0.01921 0.01921 -0.01 

3.0 0.01574 0.01627 3.27 0.01523 0.01522 -0.04 

3.5 0.01280 0.01317 2.80 0.01238 0.01238 -0.03 

4.0 0.01063 0.01089 2.43 0.01028 0.01028 0.00 
Cmax/Co for Current Speed of 0.8 knots and Discharoe of 500 10m 

0.0 1.00000 1.00000 
0.5 0.06398 0.06190 
1.0 0.04350 0.04207 -3.40 0.04209 0.04207 -0.04 

1.5 0.03291 0.03532 6.81 0.03184 0.03183 -0.04 

2.0 0.02607 0.02859 8.81 0.02522 0.02521 -0.05 

2.5 0.02127 0.02287 6.98 0.02058 0.02058 -0.01 

3.0 0.01775 0.01883 5.74 0.01717 0.01717 -0.01 

3.5 0.01507 0.01585 4.94 0.01458 0.01457 -0.04 
4.0 0.01297 0.01355 4.28 0.01255 0.01254 -0.06 

Cmax/Co for Current Speed of 0.8 knots and DischarQe of 1400aom 
0.0 1.00000 1.00000 
0.5 0.06398 0.06190 
1.0 0.04350 0.04208 -3.38 0.04209 0.04208 -0.02 
1.5 0.03291 0.03533 6.84 0.03184 0.03184 -0.01 

2.0 0.02607 0.02859 8.81 0.02522 0.02522 -0.01 

2.5 0.02127 0.02287 6.98 0.02058 0.02058 -0.01 
3.0 0.01775 0.01884 5.79 0.01717 0.01717 -0.01 

3.5 0.01507 0.01585 4.94 0.01458 0.01457 -0.04 
4.0 0.01297 0.01355 

. 
4.28 0.01255 0.01254 -0.06 
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Table 3.3 
Dumping Dilution and Nearfleld DIiution Calculations tor a Slngle Propeller 

Vessel Speed of 6 knots 
Round Momentum Jet Theory Propeller Momentum Theory 
(from Sobev, 19941 /from Liou and Herbich. 1976) 

Ko 24707 Ships Speed 6 (knots) 

11 0.72 Diameter of Propeller 4 (feet) 

12 0.36 RPM of propeller 500 
alpha 0.096 Speed Coefficient (Jt) 0.30 

Thrust Coeficient (Kl) 0.36 
Effluent Discharge (waste flow) Thrust (T) 12571.99 
1.872 (fl'3isec) Thrust Loading Coefficient (Ct) 27.93 

Ideal Efficiency (n1) 0.31 

I Dumping DIiution I coefficient a 2.19 
366.70 ceolftcient b 4.38 

Current Speed 0 (knots) 
0.00 (fl/sec) 

lnrtial Velocity with respect to current Initial Velocity (Vo) with respect to ship 32.27 (knots) 
26.27 (knots) 16.60 (mis) 
13.52 (mis) 54.47 (fl/sec) 
44.34 (fl/sec) 

Initial flow through Propeller (Qo) 684.46 (fl'3/sec) 
Initial flow through Propeller (for dumping dilution) 19.38 (m'3/s) 

557.21 (f1A3/sec) 
15.78 (m"3/s) 

Distance from propeller 
(25 feel is starl of established flow) 

Centerline Centerline 
Plume Velocity with respect to current Plume Velocity with respect to ship 

(fl/sec) feet (fl/sec) 
43.55 25 53.74 
10.89 100 13.43 
5.44 200 6.72 
3.63 300 4.48 
2.72 400 3.36 
2.18 500 2.69 
1.81 600 2.24 
1.56 700 1.92 
1.36 800 1.68 
1.21 900 1.49 
1.09 1000 1.34 
0.54 2000 0.67 
0.22 5000 0.27 
0.11 10000 0.13 

Nearfield Dilution 
Momentum Jet entrains fluid 

Distance (feel) Flow (fl'3/sec) Dilution 
25 1135 2.04 
100 4539 8.15 
200 9078 16.29 
300 13617 24.44 
400 18156 32.58 
500 22695 40.73 
600 27234 48.88 
700 31773 57.02 
800 36312 65.17 
900 40850 73.31 

1000 45389 81.46 
2000 90779 162.92 
5000 226947 407.29 
10000 453894 814.59 
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Table 3.4 
Dumping Dilution and Nearfleld DIiution Calculations for a Single Propeiler 

Vessel Speed of 10 knots 
Round Momentum Jet Theory Propeller Momentum Theory 
I/from SohAv, 19941 lltrom Liou and Herbich, 1976) 

Ko 84800 Ships Speed 10 (knots) 
11 0.72 Diameter of Propeller 4 (feet) 
12 0.36 RPM of propeller 900 

alpha 0.096 Speed Coefficient (J1) 0.28 
Thrust Coeficient (Kt) 0.36 

Effluent Discharge (waste flow) Thrust (T) 41791.50 
3.119 (flA3/sec) Thrust Loading Coefficient (Cl) 33.42 

Idea! Efficiency (n 1) 0.29 

I Dumping Dilution I coefficient a 2.43 
399.91 ceofficient b 4.87 

Current Speed 0 (knots) 
0.00 (fl/sec) 

Initial Velocity with respect to current Initial Velocity (Vo) with respect to ship 58.67 (knots) 
48.67 (knots) 30.18 (mis) 
25.04 (mis) 99.02 (ft/sec) 
82.15 (ft/sec) 

Initial flow through Propeller (Qo) 1244.38 (fl'3/sec) 
Initial flow through Propeller (for dumping dilution) 35.24 (m'31s) 

1032.29 (f1•31sec) 
29.23 (m•3ts) 

Distance from propeller 
(25 feet is start of established flow) 

Centerline Centerline 
Plume Velocity with respect to current Plume Velocity with respect to ship 

(ft/sec) feet (fl/sec} 
80.68 25 97.69 
20.17 100 24.42 
10.08 200 12.21 
6.72 300 8.14 
5.04 400 6.11 
4.03 500 4.88 
3.36 600 4.07 
2.88 700 3.49 
2.52 800 3.05 
2.24 900 2.71 
2.02 1000 2.44 
1.01 2000 1.22 
0.40 5000 0.49 
0.20 10000 0.24 

Nearfield Dilution 
Momentum jet entrains fluid 

Distance (feet) Flow (flA3/sec) Dilution 
25 2102 2.04 
100 8409 8.15 
200 16818 16.29 
300 25227 24.44 
400 33636 32.58 
500 42045 40.73 
600 50453 48.88 
700 58862 57.02 
800 67271 65.17 
900 75680 73.31 
1000 84089 81.46 
2000 168178 162.92 
5000 420446 407.29 
10000 840891 814.59 
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Table 3.5 
Nearfield Dilution Calculations 

Dilution 

2.04 
8.15 
16.29 
24.44 
32.58 
40.73 
48.88 
57.02 
65.17 
73.31 
81.46 

Entrainment Coefficient 

1.00 
0.79 
0.58 
0.55 
0.53 
0.53 
0.52 
0.52 
0.52 
0.51 
0.51 

Adjusted Dilution 

2.04 
6.44 
9.45 

13.44 
17.27 
21.59 
25.42 
29.65 
33.89 
37.39 
41.54 

• I 

~ -+-Series 1 i 
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Table 3.6 

Farfield Dilution Model Results 

Dilution Vessel Speed 

(knots) Winter Conditions 

6 29.6 

10 17.9 

6 27.6 

10 16.6 

10 46.1 

6 59.l 

10 35.5 

20.0 

12.1 

18.6 

11.2 

31.1 

39.7 

23.9 
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Figure 3.1 
Schematic Diagram of Wastefield Plume Elements 

Nearfield Plume Region 

Disposal Vessel 

, . -
Wastefield Discharge 
and Initial (Dumping) Dilution 

Farfield Region 

Direction of Ocean Current 

Plume Centerline 
(Curvilinear x-axis) 

/ 
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Effluent Discharge pipe 

Propeller Slipstream 

Dumping Dilution: 

Qe+Qp 
Qe 
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Figure 3.2 
Dumping Dilution Schematic 

------

I 

Effluent mixes almost instantaneously 
in highly turbulent region behind propeller. 

-------------

Qe = effluent flow into each propeller slipstream 
Qp = propeller flow through each propeller 
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Figure 3.3 
Dilution with Distance from Ship 
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4. Monitoring Data Evaluation 

There has been no data collection specifically designed to calibrate or verify model predic
tions or assess dilution of the wastefield through the approved dumping site. However, 
the ocean dumping permits do require the canneries to collect waste stream and receiving 
water data. These data can be used to qualitatively, and to a limited extent, quantitatively, 
assess the behavior of the wastefield after dumping and assess the general applicability of 
the model predictions. The available data are first described and examined below (all data 
discussed in this section of the report is for the time period September 1993 through Sep
tember 1996). Following the initial description, the data are applied to an evaluation of the 
wastefield in the receiving water, to the extent possible. The results of the evaluation are 
also interpreted in terms of the model predictions presented in the previous section. All of 
the data described in this section of the report is available from EPA Region IX. 

Review of Monitoring Data 
The canneries are required to collect data from the onshore high strength waste (HSW) 
storage tanks and monitoring data at the ocean dumping site on a monthly basis. In addi
tion, the canneries must report the daily volumes disposed of at the dump site. Table 4.1 
shows the dates of ocean site monitoring and the volumes disposed of by each cannery. 
The waste from both canneries is maintained separately onshore and combined when 
pumped into the disposal vessel. Average daily volumes disposed of by each cannery on a 
monthly basis are listed in Appendix 11. It is noted that on an average basis the volumes 
are about the same for each cannery with Samoa Packing accounting for approximately 49 
percent and Star Kist Samoa for about 51 percent. 

The onshore data collected by each cannery includes the analysis of certain constituents 
from the HSW storage tanks. These data were collected twice per month over most of the 
time period and once per month in the more recent portion of the period. The parameters 
analyzed include: total suspended solids (as non-filterable reside -TSS), the volatile fraction 
of the total suspended solids (TVSS), five day biological oxygen demand (BODs), oil and 
grease (O&G), total phosphorus (TP as P), total nitrogen (TN as N), ammonia (as N), pH, 
and density. The results of the analysis for the period considered (September 1993 through 
September 1996) are summarized in Table 4.2 and a detailed data compilation is provided 
in Appendix 11 for each cannery. 

The receiving water monitoring data are collected monthly before and after dumping op
erations. Water samples are collected at three depths (1, 3, and 10 meters below the sur
face) at six stations as follows: 

• Station 1C, a control station at the location where dumping will commence 
(based on current direction) before dumping starts 

• Station 1, in the center of the active dumping area immediately following the 
discharge of HSW 
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• Stations 2, 3, and 4, in the center of the "plume" or wastefield as it moves down 
current (determined visually) at distances of 0.25, 0.5, and 1.0 nautical miles 
down current of station 1 

• Station 5, at the "leading edge" of the wastefield determined as the point fur
thest downstream from the dumping area where there is still a visual trace of 
the plume 

The parameters measured in the field include pH, temperature, odor, and visual appear
ance (as well as location determined using GPS, wind, current, and sea conditions). The 
samples collected are analyzed for: TSS,TVSS, O&G, TP, TN, and ammonia. As mentioned 
above the dates of ocean monitoring are shown in Table 4.1. Summaries of the analyses 
carried out for each constituent at each station and depth are given in Table 4.3. Detailed 
data compilations are provided in Appendix 11. Figures 4.1 through 4.6 show the median 
values for each of the constituents listed above for each station and depth. The statistics in 
Table 4.3 and the graphical descriptions in Figures 4.1 through 4.6 were constructed by 
eliminating obvious outliers (discussed further below) and using the reporting limits for 
those samples that were not detected. The values are shown in parentheses (outliers elimi
nated) or are shaded (not detected) in the tables in Appendix 11. 

The onshore monitoring samples and the receiving water monitoring samples may some
times be of the same material but are not from the same material in general. The canneries 
may sample onshore on different days and neither may coincide with the day of ocean 
monitoring, or if on the same day may still not be the same material. However, there is a 
37 month series of data considered, and long term effects should be well described. Re
viewing the data, the median has been chosen as a good representative value. However, 
all of the data are provided in Appendix 11 if the reader wishes to select a different ap
proach for analysis. It is noted that the median for both the onshore and receiving water 
data is generally lower than the mean. Significant characteristics of each constituent meas
ured in the receiving water samples are described below: 

• TSS measured at the control station, prior to the start of dumping, and at the 
monitoring stations are essentially indistinguishable (Figure 4.1). Variability in 
the natural background appears to mask any effect of the wastefield. Occasional 
very high values are observed and are probably artifacts of a particular sample 
(for example the sample serendipitously contains a larger organism or piece of 
natural organic or inorganic detritus). This constituent is unlikely to provide 
much information concerning the wastefield transport and dilution, other than 
to indicate that the waste is immediately highly dispersed and diluted since the 
median discharge values are on the order of 36000 mg/I (see discussion below 
and Appendix 11) and values measured in the receiving water (including at the 
control station) are on the order of 1 mg/I. 

• TVSS is the volatile fraction of TSS and the same general comments concerning 
TSS apply as well to TVSS (Figure 4.2). This constituent is also unlikely to pro
vide much information concerning the wastefield transport and dilution, other 
than to indicate that the waste is immediately highly dispersed and diluted. 
Median discharge values are on the order of 23000 mg/I (see discussion below 
and Appendix 11) and values measured in the receiving water (including back
ground) are on the order of 0.5 mg/I. 
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• O&G is seldom detected at either the control station or at stations within the 
plume (Figure 4.3). Except for a few anomalous spikes (see Appendix 11), 
which are infrequent and likely not indicative of the behavior of the wastefield 
for reasons similar to those described for TSS above_ O&G is nearly always not 
detected at the control station or in the wastefield. Therefore, this constituent is 
also unlikely to provide much information concerning the wastefield transport 
and dilution, other than to indicate that the waste is immediately highly dis
persed and diluted. Median discharge values are on the order of 22000 mg/I 
(see discussion below and Appendix 11) and reporting limits in the receiving 
water samples, including background, are 1 to 0_6 mg/1. 

• TP median values are shown in Figure 4.4 for the control station and the stations 
in the wastefield plume. This constituent illustrates what appears to be a dis
cernible trend or difference between the control station and the wastefield sta
tions. However, the variation is slight and this constituent is not likely to 
provide comprehensive information concerning the wastefield transport and 
dilution. TP is probably a better tracer than those constituents discussed above, 
particularly at the 3 and 10 meter depths. Median discharge values are on the 
order of 1000 mg/I (see discussion below and Appendix 11) and values meas
ured in the receiving water (including background) are on the order of 0.03mg/I. 

• TN median values, shown in Figure 4.5, for the control station and the stations 
in the wastefield plume illustrate a distinct trend or difference between the con
trol station and the wastefield stations. It must be kept in mind that TN is not a 
conservative substance, but over the times scales considered (a few hours) TN is 
probably a better tracer than any of those constituents discussed above. Median 
discharge values are on the order of 6000 mg/I (see discussion below and Ap
pendix 11) and values measured in the receiving water (including background) 
are on the order of 0.2 mg/ 1. 

• Ammonia median values, shown in Figure 4.6, for the control station and the 
stations in the wastefield plume also illustrate a distinct trend or difference be
tween the control station and the wastefield stations. Ammonia, possibly even 
more so than TN, is not a conservative substance, but over the times scales con
sidered (a few hours) is probably a better tracer than any of those constituents 
discussed above, with the possible exception of TN. Median discharge values 
are on the order of 3200 mg/I (see discussion below and Appendix 11) and val
ues measured in the receiving water (including background) are on the order of 
0.03 mg/I. 

Estimates of Dilution 
Under the constraints described above, the monitoring data and onshore waste stream data 
can be used to estimate the dilution of the wastefield. The median values of the concentra
tions in the HSW and the receiving water were used for this purpose. The dilution was cal
culated using the following relationship: 
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where 

S = dilution, accounting of ambient concentrations in the diluting water 

CE = concentration of a particular constituent in the HSW 

CA= concentration of the constituent in the ambient receiving water (background) 

and 

Cp = concentration of the constituent measured at a particular station in the plume_ 

Dilution is dimensionless (as a ratio) and the concentrations must all be expressed in identi
cal units, in this case mg/1. 

The dilution calculations, using the above relationship, were carried out for each constitu
ent at each station and depth and the results of the calculations are shown in Appendix 11 
and summarized in Table 4-4. The application of this relationship to the data available will 
not yield meaningful results if the measured ambient concentration (CA) is equal to or 
greater than the measured plume concentration (Cp). ln such cases the calculated dilution 
will be infinite or negative, respectively. For conservative substances, such results are 
physically meaningless, and simply indicate that the measurements are not done at a fine 
enough resolution to carry out the calculations. ln such cases, the dilution is indicated as 
N/C (can not be calculated) in Appendix 11 and are not included in the summary in Table 
4.4. 

The values shown in Table 4.4 are averages of all dilutions calculated using all of the con
stituents, stations, and depths, that yielded a positive dilution. The trend between Stations 
1 through 4 is relatively weak, although on average there is increasing dilution with dis
tance from Station 1. On the other hand Station 5 dilutions are an order of magnitude 
higher than the other stations. Station 5 is on the leading edge (as visually determined) of 
the wastefield and Stations 1 through 4 are collected (as visually determined) in the center 
of the wastefield. The recorded latitudes and longitudes of Stations 4 and 5 were used to 
estimate the distance between Stations 4 and 5. The detailed calculations are given in Ap
pendix 11 and indicate that Station 5 is approximately 0.4 nautical mile down current of 
Station 4. 

Comparison to Model Results 
Comparing the field data analyses discussed above and the model results described in Sec
tion 3 of the report is useful and provides insight concerning the validity of the model pre
dictions. However, the field data analysis can not be used for rigorous calibration or 
verification for at least three reasons: [1] the field data collection was not designed to con
form to the model strategy since the model tracks the plume from discharge into the far
field during and following discharge and the field data looks at the overall wastefield 
following discharge of all material, [2] the laboratory analyses were not, and could not be, 
carried out to a level of resolution adequate to accurately calibrate a model that must pre
dict dilutions on the order of 106:1, [3] the natural variability of the background levels of the 
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constituents measured also prevents use of such data in a model predicting very high dilu
tions. 

The comments above notwithstanding, the field data and analysis can provide a check on 
the reasonableness of the model predictions. The model predicted dilutions with distance 
from the discharge point following the initial or dumping dilution are shown in Figure 3.2 
above. This figure indicates that the after discharge for a distance of up to about one nauti
cal mile (6000 feet) the dilution in the plume will be between approximately 50,000:1 to 
100,000:1. The field data, considered in summary form, as describe in Table 4.4 indicates 
that the dilution within the center of the final wastefield from the point of initial dumping 
to within 1 mile is approximately 140,000:1 to 340,000:1. When the average of all stations 
and depths is considered the dilution is 227,000:1. Thus, through the processes of dumping 
dilution, subsequent mixing in the propeller slipstream, and including the initial stages of 
farfield dilution, it appears that the overall prediction of the model is indeed quite conser
vative (by a factor of about 3:1). 

Ocean monitoring Station 5 is at the "leading edge" of the overall wastefield. Where this 
sample is taken is very subjective and it could be actually at the leading edge of the waste
field as it moves through the dump zone or it could be within the wastefield. There is no 
strictly comparable model prediction for this station. Values calculated from the field data 
indicate dilutions that range from 360,000:1 to 6,360,000:1 (see Appendix 11) with an aver
age of 2,800,000 (Table 4.4). As described above, this station is about 1.4 nautical miles 
down current of the initial starting point for disposal operations. For Station 5, the results 
strongly indicate, with reference to Figure 3.2, that the model is conservative by a factor of 
greater than 3:1 in the farfield. It is recognized that measurements from Station 5 are not 
conclusive because of the nature of the sampling, however, the results fully support those 
conclusions drawn using information from the other stations. 
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Table 4.1 
Dates of Ocean Monitoring 

and Volumes Disposed 
September 1993 - September 1996 

DATE 

10-Sep-93 
27-Oct-93 
17-Nov-93 
10-Dec-93 
21-Jan-94 
9-Feb-94 
9-Mar-94 
26-Apr-94 
23-May-94 
15-Jun-94 
21-Jul-94 
16-Aug-94 
20-Sep-94 
1-Oct-94 

17-Nov-94 
14-Dec-94 
27-Jan-95 
25-Feb-95 
3-Mar-95 
8-Apr-95 
3-May-95 
28-Jun-95 
7-Jul-95 
1-Aug-95 
14-Sep-95 
19-Oct-95 
15-Nov-95 
19-Dec-95 
15-Jan-96 
7-Feb-96 
13-Mar-96 
23-Apr-96 
2-May-96 
19-Jun-96 
1 0-Jul-96 
7-Aug-96 
5-Sep-96 

VOLUME DISPOSED 
Samoa StarKist COMBINED 
Packing Samoa 
(gallons) (gallons) (gallons) 

120,750 
85,000 

151,000 
78,000 
109,000 
67,000 
152,000 
159,000 
77,000 
130,000 
129,000 
28,300 
147,000 
77,000 
133,000 
74,000 
149,000 
72,000 

111,000 
79,000 
70,000 
79,000 

139,000 
69,000 
68,000 
101,000 
65,000 
142,000 
87,000 

139,000 
141,000 
142,000 
140,000 
61,600 
92,700 
103,850 
202,200 

190,000 
100,000 
150,000 
80,000 
150,000 
80,000 
140,000 
129,000 
80,000 
135,000 
130,000 
85,000 
135,000 
85,000 
135,000 
75,000 
135,000 
70,000 
130,000 
85,000 
125,000 
75,000 
105,000 
130,000 
156,875 
106,867 
110,002 
187,500 
67,500 
166,875 
169,375 
119,375 
138,750 
53,125 
70,625 
76,250 
123,125 

Maximum 
Minimum 
Average 
Median 

Standard Deviation 

310,750 
185,000 
301,000 
158,000 
259,000 
147,000 
292,000 
288,000 
157,000 
265,000 
259,000 
113,300 
282,000 
162,000 
268,000 
149,000 
284,000 
142,000 
241,000 
164,000 
195,000 
154,000 
244,000 
199,000 
224,875 
207,867 
175,002 
329,500 
154,500 
305,875 
310,375 
261,375 
278,750 
114,725 
163,325 
180,100 
325,325 
329,500 
113,300 
222,990 
224,875 
65,736 



No. Samples 
Maximum 
Minimum 
Mean 
Median 
St. Dev. 

No. Samples 
Maximum 
Minimum 
Mean 
Median 
St. Dev. 
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Table 4.2 
Results of Onshore Composite (Storage Tank) Samples 

September 1993 - September 1996 

TSS TVSS BODS O&G TP TN Ammonia 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Samples from Samoa Packing Onshore Storaae Tank 
62 62 62 61 62 62 62 

86300 72800 480000 404200 3500 19040 8400 
5390 897 11300 919 287 1960 560 

22217 14125 49279 37836 1200 6539 2609 
16800 8770 23200 14780 1200 6160 2430 
16346 15464 90696 66742 616 2839 1149 

Samples from StarKist Samoa Onshore Storage Tank 
70 70 69 70 70 70 70 

150000 131000 136750 187779 3830 14300 10800 
20400 2700 37800 3920 87 1190 282 
59122 40832 78533 26103 971 5808 3977 
53900 36850 72289 21780 832 5560 3875 
24702 23284 22434 24512 654 2148 1926 

pH Density 
(SU) (g/ml) 

60.00 62.00 
7.39 1.03 
5.00 0.98 
6.52 1.00 
6.67 1.00 
0.52 0.01 

70.00 70.00 
7.13 1.04 
5.40 0.94 
6.57 1.00 
6.60 1.00 
0.30 0.02 
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Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 

Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 

Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 

Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 

Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 

Minmum 
Maximum 
Mean 
Median 
Std. Dev. 

No. of Samples 
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CONTROL I 

Table 4.3 
Ocean Monitoring Data 

September 1993 - September 1996 

STATION AND DEPTH 

STATION 1 I STATION 2 I STATION3 

1 (m) I 3 (m)I 10 (m) I 1 (m) I 3 (m) I 10 (m) I 1 (mJ I 3 (m) I 10 (m) qm)l 3(mJI 10(mJ 

TSS (mg/L) 
04 0.6 06 05 06 0.7 0.6 05 0.5 0.6 0.4 0.6 

6.3 180 87 74 14 9 87 96 95 81 79 83 83 

1 6 1.8 2.0 1.8 21 1.9 1 9 19 2.0 16 1 4 1.8 

1 4 1 0 1.7 1.2 16 1 5 1 4 1.5 1 4 1 2 1.0 1.2 

1 0 2.8 1.5 1.5 24 16 1 7 1.6 1.8 1.4 1 4 1.4 

37 37 37 37 37 36 37 37 37 36 37 35 

TVSS (ma/Ll 
0.1 01 01 0.1 01 01 02 0.2 0.2 01 01 02 
1 4 1 3 2.9 1.3 2.4 1.9 3.5 1.9 1.6 1 3 1 4 18 

05 04 07 0.6 07 0.7 0.7 0.6 0.6 0.5 0.5 0.6 
04 04 0.6 05 0.5 0.6 0.5 06 06 04 0.4 0.5 

03 02 0.5 04 0.5 04 06 04 04 03 0.3 04 

36 35 36 36 36 35 36 36 37 35 36 34 

O&G (ma/Ll 
060 0.60 0.60 0.60 060 0.60 0.60 0.60 0 60 0.60 0.60 0.60 
1.00 1.00 112 1.00 160 1 28 1.28 1.00 1 79 1 00 1 00 1.00 

0.64 0.64 0.65 065 0.67 0.66 066 064 0.69 0.64 0.64 0.63 
0.61 0.61 0.61 0.61 061 0.61 061 0.61 0 61 0.61 0.61 0.61 

011 0.11 013 0.12 0.19 015 0.15 0.11 025 011 0.11 009 
37 37 37 37 37 36 37 37 37 37 37 36 

I STATION4 

1 (m) I 3(m) I 10(m) 

04 04 0.6 

14 5 7.0 94 

2.3 1.9 1 8 

16 1 5 1 4 

2.6 1.4 1.6 

37 36 37 

01 0.1 02 

2.7 2.6 1.5 

0.6 0.6 0.5 

0.5 04 04 

05 0.5 03 

35 35 36 

0.60 0.60 0.60 

1.00 1.00 3.20 

0 64 0.64 0.71 

061 0.61 0.61 

011 0.11 0.43 

34 36 37 
OCEAN MONITORING DATA FOR TOTAL PHOSPHOROUS (m, .P/L) 

0009 0.012 0008 0.014 0.013 0.009 0.012 0.006 0.005 0.009 0.005 0.012 0012 0.006 0.006 
0520 0114 0093 0.239 0571 0096 0.125 0240 0.571 0078 0057 0.213 0390 0.243 0.115 
0054 0.029 0032 0.039 0.047 0.037 0.038 0.044 0.050 0.031 0027 0.034 0052 0.040 0.034 
0.030 0.024 0.026 0029 0.030 0.033 0031 0.029 0.034 0.029 0.024 0028 0.028 0030 0.029 
0.090 0019 0019 0.040 0.090 0017 0027 0.046 0.090 0.016 0.012 0033 0.078 0.041 0.021 

37 37 37 37 37 37 37 37 37 37 37 37 37 37 36 
TOTAL NITROGEN (ma-NIL) 

0033 0106 0090 0.116 0.097 0.094 0106 0.106 0076 0088 0.088 0 115 0102 0.105 0.098 
0.568 0356 0 771 0.785 0.618 0.712 0.590 0.612 0 659 0 492 0.518 0 970 0860 0 640 0 418 
0.178 0172 0.229 0.268 0.245 0.269 0.227 0 222 0237 0196 0.200 0245 0.223 0.206 0193 
0151 0151 0.187 0.232 0.206 0.239 0.181 0190 0.187 0180 0177 0183 0 183 0.179 0.174 
0.091 0.064 0157 0154 0123 0133 0115 0116 0 134 0087 0.097 0.175 0140 0100 0076 

36 37 37 37 37 37 37 37 37 37 37 37 37 37 36 
AMMONIA (mg-NIL 

0001 0003 0.001 0005 0.004 0005 0003 0.003 0001 0004 0005 0.004 0.005 0.003 0003 
0.250 0093 0.199 0.147 0.182 0164 0191 0132 0127 0134 0139 0140 0118 0.135 0202 
0.026 0015 0 024 0 051 0 053 0.051 0 045 0.043 0046 0.038 0039 0.042 0036 0.038 0.043 
0.013 0.012 0.014 0.035 0.038 0.034 0028 0033 0039 0025 0.037 0.032 0.028 0026 0029 
0044 0015 0 036 0.045 0049 0.042 0045 0037 0037 0034 0 029 0.035 0.032 0035 0.051 

37 37 36 36 37 36 36 36 36 37 37 37 37 37 36 

I STATION 5 

1 (m) I 3(mJ j 10(m) 

0.5 06 04 

67 9.4 68 

15 1.5 1 7 

1.2 11 1 4 

11 1.4 1.2 

37 37 37 

01 0.2 0.1 

1 4 12 2.5 

04 0.5 0.6 

04 0.4 0.4 

03 02 04 

36 36 36 

060 060 060 

1.08 100 1 00 

0.66 064 064 

0.61 0.61 0.61 

0 14 011 0.11 

37 37 37 

0.006 0 007 0006 

0239 0059 0.079 

0044 0.028 0028 

0028 0.026 0.024 

0.048 0.013 0015 

37 37 37 

0.090 0 102 0.102 

0 945 0 345 0.422 

0.187 0.167 0 176 

0148 0149 0150 

0150 0057 0072 

37 37 37 

0002 0.003 0 004 

0260 0105 0197 

0028 0.019 0029 

0 015 0.012 0014 

0044 0 022 0.039 

36 36 37 
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Table 4.4 
Average Dilutions Calculated from Ocean Monitoring Data 

Depth 
Calculated Dilutions at: 1m 3m 10m Average 

Station 1 ®- 0.0 nmiles 227,928 138,122 137,233 167,761 
Station 2 ®- 0.25 nmiles 214,950 139,169 126,650 160,256 
Station 3 @ 0.5 nmiles 231,674 176,086 338,072 248,611 
Station 4 @ 1.0 nmiles 201,548 171,089 307,717 226,785 

Average Stations 1-4 219,025 156,116 227,418 200,853 
Station 5 - Leading Edge 1,590,694 432,544 6,362,773 2,795,337 
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Figure 4.1 

1.8 
Median Values of TSS from Ocean Monitoring 
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Figure 4.2 
Median Values of TVSS from Ocean Monitoring 
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Figure 4.3 

0.7 
Median Values of O&G from Ocean Monitoring 
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Figure 4.5 
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Median Values of Total Nitrogen from Ocean Monitoring 
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Figure 4.6 
Median Values of Ammonia from Ocean Monitoring 
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5. Conclusions and Recommendations 

This section presents the overall conclusions drawn from the model predictions, the model 
limitations, and recommendations based on the results of the study. 

Conclusions 
Table 5.1 shows the prediction of total dilution and final concentration prior to the point 
where the plume reaches the edge of the dumping zone (taken as 2.5 nautical miles down 
current). In the table, C/Co is the ratio of final to initial concentration and can be applied to 
calculate the concentration of any known constituent in the waste. The final concentration 
is also given in terms of an approximate value for the whole waste in mg/1, assuming the 
waste is about the density of water. At the edge of the dump zone the maximum predicted 
concentration of the waste is diluted to about 0.00025 percent HSW (fable 5.1: summer, 
ocean current 0.8 knots, vessel speed 10 knots). Reference to Table 3.1 shows that the low
est LC50 of all bioassays conducted was 0.12 percent HSW. Therefore, the concentration at 
the edge of the permitted dumping zone is 0.0021-LC50. 

Table 5.2 shows the same information described above for the plume prior to reaching the 
shoreline (taken as 5 nautical miles down current). The model was formulated and imple
mented in a conservative fashion and the dilutions are expected to be underpredicted 
(concentrations over predicted). Available monitoring data indicates that the dilutions pre
dicted by the model in the farfield (approximately 1.4 nautical miles from the dump zone) 
are in fact under predicted by a substantial degree. 

Limitations 
Most numerical models of the type used here contain coefficients (e.g. friction factors, diffusion 
coefficients) that are often study site specific. Although there are generally accepted values for 
these coefficients, the range observed in nature is high and the models can be somewhat sensi
tive to the values selected. The process of calibration and verification generally uses measured 
values of forcing functions and responses to determine the appropriate coefficients for the 
model configuration at the study site. Typically a set of field data is used to determine the cor
rect values to use for the coefficients. However, there is little or no available and appropriate 
data for formal model verification. In this case the model sensitivity determination, the use and 
justification of reasonable values from the literature and similar studies, and the incorporation of 
a prudent level of conservatism is required and was accomplished. The available monitoring 
data were examined and evaluated and confirm the conclusions drawn from the model predic
tions. 

Recommendations 
CH2M HILL project staff, on the basis of the results of the study, have no recommendations 
for additional studies of this type. 
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CONO.USIONS AND RECOMMENDATIONS 

Table 5.1 
Predicted Dilution and Concentration at the Down Current Edge of the Ocean Dumping Zone 

(at 2.5 Nautical Miles) 

Ocean Vessel Dumping Nearfield Farfield Total Final Final 
Season Current Speed Loading Dilution Dilution Dilution Dilution Concentration Concentration 

(knots) (knots) (gpm) Sd Sn Sf St 1/(St) (mg/I) 
Winter 0.4 6 840 796.2 41.5 29.6 978,052 0.000001022 1.022 
Winter 0.4 10 1400 731.4 41.5 17.9 543,320 0.000001841 1.841 
Winter 0.8 6 840 796.2 41.5 27.6 911,967 0.000001097 1.097 
Winter 0.8 10 1400 731.4 41.5 16.6 503,861 0.000001985 1.985 
Summer 0.4 6 720 931.6 41.5 20.0 773,190 0.000001293 1.293 
Summer 0.4 10 1200 855.7 41.5 12.1 429,709 0.000002327 2.327 
Summer 0.8 6 720 931.6 41.5 18.6 719,067 0.000001391 1.391 
Summer 0.8 10 1200 855.7 41.5 11.2 397,747 0.000002514 2.514 
Note: St=Sd*Sn*Sf 

Table 5.2 
Predicted Dilution and Concentration near the Closest Reefline or Shoreline 

(at 5 nautical miles} 

Ocean Vessel Dumping Nearfield Farfield Total Final Final 
Season Current Speed Loading Dilution Dilution Dilution Dilution Concentration Concentration 

(knots) (knots) (gpm) Sd Sn Sf St 1/(St) (mg/I) 
Winter 0.4 6 840 796.2 41.5 76.6 2,531,040 0.000000395 0.395 
Winter 0.4 10 1400 731.4 41.5 46.1 1,399,278 0.000000715 0.715 
Winter 0.8 6 840 796.2 41.5 59.1 1,952,800 0.000000512 0.512 
Winter 0.8 10 1400 731.4 41.5 35.5 1,077,535 0.000000928 0.928 
Summer 0.4 6 720 931.6 41.5 51.5 1,990,964 0.000000502 0.502 
Summer 0.4 10 1200 855.7 41.5 31.1 1,104,458 0.000000905 0.905 
Summer 0.8 6 720 931.6 41.5 39.7 1,534,782 0.000000652 0.652 
Summer 0.8 10 1200 855.7 41.5 23.9 848,764 0.000001178 1.178 - * * Note. St-Sd Sn Sf 
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Appendix 1 
Special Condition 3.3.5 of 
Ocean Dumping Permits 



3.3.5. Eighteen months from the effective date of this special permit, the permittee 
shall submit a report to EPA and ASEPA on the results of suspended phase 
bioassay tests and reevaluation of the model used to predict the concentrations 
of fish processing wastes disposed at the designated site. The suspended phase 
bioassays shall be conducted using at least one species from each of the 
following three groups: Group 1 = Mytilus sp. (mussel), Crassostrea sp. 
(oyster), Acartia tonsa (copepod), or Trypneustes sp. (sea urchin) larvae; Group 
2 = Holmesimysis costata (mysid shrimp) or Penaeus vannamei (white shrimp); 
and Group 3 = Citharicthys stigmaeus (speckled sanddab) or Coryphaena 
hippurfiS (dolphinfish) juveniles. 

Appropriate suspended phase bioassay protocols, either protocols approved by 
EPA or protocols published by the American Society for Testing and Materials 
(ASTM), shall be followed. Suspended particulate phase bioassays shall be run 
using the following fish processing waste concentrations: 100%, 75%, 50%, 
25%, 10%, 5%, and a control (0% ). A minimum of five replicates are required 
per dilution concentration. Concurrent reference toxicant tests shall be 
conducted when the suspended phase bioassays are run. 

A sampling and testing plan shall be submitted to EPA Region IX and ASEPA 
by October 1, 1993 for approval before the bioassay tests are conducted. 
Samples for the suspended particulate phase bioassays shall be composited 
from the permittee's onshore storage tanks. Three samples shall be taken from 
the onshore storage tank transfer line at 10 minute intervals. These samples 
shall be composited to produce one sample for analysis. The permittee's 
samples shall not be combined with fish processing waste from any other 
permittee. The perrnittee shall take samples on the following dates: November 
30, 1993, February 28, 1994 and May 31, 1994. Samples shall be collected 
and shipped to the testing laboratory according to EPA-approved methods to 
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ensure that the samples do not change before the bioassay tests begin. All 
suspended particulate phase bioassays shall be started within 10 days of 
sampling. 

The testing plan submitted by October 1, 1993 should also include a proposal 
to reevaluate the disposal site model using results obtained from the new series 
of suspended phase bioassays. These bioassays are being required to confirm 
the toxicity of the fish processing wastes and to reevaluate the disposal 
operations based on the use of a different disposal vessel. 

The bioassay and computer model confirmation report shall contain the 
following information: 

3.3.5.1. INTRODUCTION AND PROJECT DESCRIPTION 

The project description should include the following information about fish 
processing waste toxicity, previous bioassay test results, previous modelling at 
the ocean disposal site, and the design of the new bioassay tests. 

3.3.5.2. MATERIALS AND METHODS 

Fish processing waste sampling and sample handling procedures should be 
described or referenced. 

References for laboratory protocols for suspended phase bioassay tests. 

1) EPA-approved methods and references. 

2) Test species used in each test, the supplier or collection site for 
each test species, and QA/QC procedures for maintaining the test 
species. 

3) Source of seawater used in reference, control and bioassay tests. 

4) Data and statistical analysis procedures. 

5) Limiting Permissible Concentration (LPC) calculations. 

6) Description of model selected to evaluate dispersal of fish processing 
wastes at the ocean disposal site. Use of this model shall be approved 
by EPA Region IX and ASEPA before it is used by the permittee to 
evaluate the fish processing waste disposal plume. 

3.3.5.3. DESCRIPTION OF SAMPLING PROCEDURES 

QNQC procedures and actual sampling procedures used during fish processing 
waste stream sampling and handling of the samples. 
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3.3.5.4. FINAL RESULTS, ANALYSIS OF DAT A AND DISCUSSION 

1) Complete bioassay data tables and summary bioassay tables shall be 
furnished in the report. All data tables should be typed or produced as 
a computer printout. 

2) The pennittee shall analyze the bioassay data and calculate the· LPC of 
the material as defined at 40 C.F.R. § 227.27(a-b). 

3) The pennittee shall use the LPC in the approved plume model to 
determine the concentration of fish processing wastes disposed at the 
designated ocean disposal site which complies with EPA' s Ocean 
Dumping Criteria defined at 40 C.F.R. Parts 227 and 228. 

3.3.5.5. REFERENCES 

This list should include all references used in the field sampling program, 
laboratory protocols, LPC calculations, modelling analyses, and historical data 
used to evaluate the fish processing waste disposal operations at the designated 
ocean disposal site. 

3.3.5.6. DETAILED QA/QC PLANS AND INFORMATION 

The following topics should be addressed in the QA Plan: 

1) QA objectives. 

2) ,Organization, responsibilities and personnel qualifications, internal 
quality control checks. 

3) Sampling and analytical procedures. 

4) Equipment calibration and maintenance. 

5) Sample custody and tracking. 

6) documentation, data reduction, and reporting. 

7) Data validation. 

8) Performance and systems audits. 

9) Corrective action. 

10) Reports. 
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STUDY PLAN 
FOR 

JOINT CANNERY OCEAN DUMPING STUDIES 
IN 

AMERICAN SAMOA 

Special ocean dumping permits have been issued to StarKist Samoa, Inc. and VCS Samoa 
Packing, Inc. because the Regional Administrator of EPA Region IX has determined that 
disposal of fish processing wastes off American Samoa meets EPA' s ocean dumping criteria 
at 40 CFR Parts 227 and 228. Special condition 3.3.5 of both permits requires bioassay 
testing of the waste from each cannery and a re-evaluation of the model previously used to 
predict concentrations of fish processing wastes disposed of at the designated site. A copy 
of this special condition is provided in Appendix 1 of the study plan. 

The special permit condition addresses two distinct efforts: bioassay testing and model re
evaluation. Although the results of the bioassay testing will be used in the final steps of the 
model re-evaluation, the two parts of the study are quite different and are best described 
independently. Therefore, this study plan is presented in two parts: 

• 

• 

Part I: 

Part II: 

Plan of Study for Bioassay Toxicity Tests 

Plan of Study for Modeling Re-evaluation 

The two portions of the study will be conducted independently except as noted above. 
References are provided separately for part of the study plan. Additional information is 
provided in Appendices. 
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Part I 

PLAN OF STUDY FOR BIOASSA Y TOXICITY TESTS 

INTRODUCTION 

Under special conditions 3.3.5 of the Ocean Disposal Dumping Permits, StarKist Samoa and 
VCS Samoa Packing are required to conduct and submit the results of toxicity tests on fish 
processing wastes generated at the permittees' American Samoa packing plants. The toxicity 
tests are to be initiated within 10 days following sampling on November 30, 1993, February 
28, 1994, and May 31, 1994. The wastes to be tested include DAF sludge and other high 
strength waste streams that are barged to sea for disposal at the permitted dump site. This 
part of the study plan describes the methods proposed to conduct the bioassay tests. The 
results of the tests will also be incorporated into the modeling re-evaluation described below 
in Part II of the study plan. 

General guidance for these tests is provided by USEPA (1991), ASTM (1992), and the 
EPA/COE "Green Book" (1991). Specific guidance for performing biological-effects tests 
for Ocean Disposal permits are outlined in Part III, Section 11 of the Green Book; Evaluation 
of Dredged Material Proposed for Ocean Disposal: Testing Manual (EPA and COE, 1991). 
However, the fish processing wastes to be disposed under this permits are not similar to solid 
dredged materials. The high strength waste materials are mostly liquid phase wastes which 
are positively to neutrally buoyant with a small fraction of negatively buoyant solid particles. 
This waste is not expected to behave in a fashion typical of solid, generally negatively 
buoyant, dredge spoil material when disposed of by dumping at sea. Therefore, the physical 
and chemical nature of the wastes requires modifications to the suspended bioassay tests as 
outlined in the Green Book. 

The following Methods sections include the specific modifications required to properly 
evaluate the toxicity of the tuna cannery high strength wastes. A description of the proposed 
reporting schedule and format for the bioassay test results is provided in the Reports section. 

SAMPLING METHODS 

Sample Composition 

High strength waste samples will be collected at each cannery from the existing sampling 
ports in the storage tank transfer lines. Three samples will be taken at 10 minute intervals 
while waste is being transferred from the storage tanks to the barge. Samples for the 
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bioassay tests will be composited from the three discrete samples. Waste from each cannery 
will be collected and shipped separately and shall not be combined. 

Sampling Times 

Sampling will be conducted on the following days, if possible: 

• Tuesday, November 30, 1993 
• Monday, February 28, 1994 
• Tuesday, May 31 , 1994 

If a cannery is shut down, or material is not being transferred to the barge on that day, 
sampling will be done at the first available time. 

Sample Shipping and Handling 

EPA approved chain-of custody, sample shipping and handling, and record keeping will be 
conducted to preserve and monitor the integrity of the samples used for the required 
bioassays. Samples will be cooled at the canneries after collection and then packed in ice for 
shipment. The permit requires tests will be initiated within 10 days of sample collection. 
There are significant and well recognized problems with shipment of material from American 
Samoa. Every reasonable effort will be made to meed the required 10-day maximum holding 
time. If the holding times are exceeded for some reason, EPA Region IX will be contacted 
to determine if the tests should be initiated or if new samples should be collected and 
shipped. 

TEST METHODS 

Selected Species 

The permit condition requires testing of three species selected from three groups listed in 
section 3.3.5 of the permit. We propose tests be conducted with the pacific mysid shrimp 
(Holmesimysis costata) juveniles, pacific sanddab (Citharicthys stigmaeus) juveniles, and 
purple sea urchin (Strongylocentrotus purpuratus) larvae. These species and life stages were 
chosen because they represent sensitive crustacean, fish, and zooplankton components of the 
marine community, tolerate laboratory conditions, and can be readily tested as young life
stages. These species are also routinely used in conducting bioassays for the ocean disposal 
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permit program. Of great importance are the practicality and year-round availability of the 
appropriate life-stages of all three of the above species. 

The shrimp and fish species were selected from the lists (Group 2 and Group 3, respectively) 
specified in the permit special condition. The sea urchin species (Strongylocentrotus 
purpuratus) was not listed in the permit (Group 1). We have recommended a different 
species because it is important that the same species and life-stages be used for each test 
series conducted. Three test series of bioassays will be conducted over approximately 9 
months. The rationale for recommending a different species is as follows: 

• The mollusc species listed in Group 1 (Mytilus sp. and Crassostrea sp.) and 
the copepod (Acania tonsa) are potentially difficult to obtain at the appropri
ate life stage at all of the times specified in the permit condition. 

• Therefore, sea urchin larvae, also listed in Group 1, are proposed for these 
tests instead of mollusc or copepod because of their availability at all times of 
the year. 

• However, the sea urchin specifically listed (Trypneustes sp.) is not readily 
available and may be difficult to obtain, particularly at the specific times as 
required in the permit and an alternate sea urchin species (Strongylocentrotus 
purpuratus) is recommended. 

With a limited number of opportunities to evaluate the toxicity of the material to be disposed, 
it is important to compare the results of bioassay tests using the same species and life-stages. 

If necessary, Mytilus sp. (mussels) will be used as a backup species to the sea urchin and 
white shrimp (Paneaus vannamai) will be used as a back-up test species for the mysid shrimp 
should the primary test species be unavailable at the time of the bioassays. All reasonable 
efforts will be made to consistently use the primary test species. 

Acclimation and Holding 

All test organisms will be brought into the laboratory and gently acclimated to test conditions 
and control water (dilution water) for a minimum of 24 hours prior to test initiation. 
Salinity, temperature, and dissolved oxygen conditions during test organism holding and 
acclimation will be monitored to ensure proper acclimation is obtained prior to starting the 
bioassay tests. 
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Sample Preparation 

Properly refrigerated wastewater samples will brought up to test temperature prior to further 
test solution preparation. If the salinity of the waste solution is greater than 2 grams per liter 
less than that of the disposal site receiving water, salinity of the test waste solution will be 
adjusted with anhydrous sea salts up to the receiving water salinity. Time will be allowed 
for waste solution pH and salinity equilibration prior to bioassay initiation. Similarly, test 
control water will be adjusted to appropriate test salinity prior to test initiation. 

Initial dissolved oxygen demand (IDOD) has been determined to be a problem with cannery 
effluent and high strength waste streams. Preliminary IDOD measurements were done at the 
canneries in October of 1993. The results are given in Appendix 2 of the study plan. IDOD 
determinations will be conducted and recorded for the samples prior to the start of the 
bioassays. The results of these IDOD measurements will be used to determine sample 
dissolved oxygen (DO) conditions and aeration procedures required for the bioassays. 

Experimental Conditions 

Serial dilutions using filtered natural seawater obtained from the Bodega Bay Marine 
Laboratory, California will be prepared by volumetric addition of diluent and high strength 
waste effluents from each cannery. Glass graduated cylinders and other non-contaminating 
labware will be used to prepare the test solutions. The permit condition requires dilutions 
of 100, 75, 50, 25, 10, and 5% waste concentrations, as well as a control. Based on 
previous bioassay results for both the high strength wastes and the joint cannery effluent 
discharged through the outfall, we recommend that the dilutions used be concentrations of 
50, 25, 10, 5, 2.5, 1.25, 0.62, and 0.31 % waste. Control water consisting of diluent water 
only will also be tested. Five replicate test vessels will be prepared for each test solution and 
control. 

Test vessels will be maintained in controlled temperature incubators or water baths and 
allowed to acclimate to test conditions prior to the test initiation. Temperature, salinity, pH, 
ammonia and DO will be measured prior to test organism assignment into the test vessels. 
If DO concentrations are less than 40-percent of saturation or less than 4 mg/liter in any test 
solution or control, aeration will be initiated sufficient to maintain adequate DO levels in all 
test vessels and in all test concentrations (and controls) to maintain DO concentrations at a 
levels sufficient to support the organisms. Test photoperiod will be controlled by automatic 
timers to ensure adequate light for the bioassays. 
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Test temperatures for the fish, crustacean, and sea urchin bioassays will be 15, 15 and 18 
degrees celsius respectively. Salinity for these tests will be that of the receiving water at the 
disposal site. Test organisms will be randomly assigned into the test vessels. Test vessels 
will be covered with loose fitting glass or non-contaminating covers and placed into the 
temperature controlled incubators. 

The bioassays will be conducted for 96 hours (4 days). Daily observations to enumerate live 
fish and mysids and to monitor water quality parameters will be conducted throughout the 
bioassays. Equal volumes of food will be added to only the mysids to reduce cannibalization 
of this species within the test vessels. 

The effect measured in the fish and mysid bioassays is mortality as defined as: no observed 
movement exhibited by the test organism after gentle swirling of the test container or 
probing. The test endpoint for the sea urchin larvae bioassay is mortality and/or larval 
abnormality as compared to the control organisms. 

QUALITY CONTROL AND QUALITY ASSURANCE 

The quality assurance objective is to characterize the potential toxicity of each of the 
canneries high strength waste to marine organisms by collecting bioassay test data of known 
and acceptable quality. The qualifications of the laboratory and personnel conducting the 
tests is provided in Appendix 3. The procedures described in the Test Methods section above 
describe the QA/QC procedures for sampling, analytical procedures, equipment calibration, 
sample custody, and data reduction and analysis. 

Mortality in the controls of less than 10-percent in the fish and crustacean tests and 30-
percent in the sea urchin tests after 96 hours will indicate successful tests. If these criteria 
are not met then EPA will be consulted to determine whether additional tests should be 
considered. Concurrent reference toxicant tests with the fish and mysid test species will be 
conducted using sodium chloride and reference toxicant tests with the sea urchin will use 
copper sulfate solutions with test concentrations bracketing the known acute toxic 
concentration (LC50) for each species tested. These tests will be conducted for a 24 hour 
duration. If the concurrent reference toxicant test LC50 falls within ±2 standard deviations 
of the testing laboratory's cumulative sum LC50 for that species the tests will be considered 
acceptable. 
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DAT A ANALYSIS AND REPORTING 

Test data analysis and calculations 

Acute mortality and/or larval abnormality data will be used to calculate an acute median 
lethal (LC50) or effect (EC50) concentration. A computer program (TOXDA T) will facilitate 
the calculation of the 96 hour LC50 (or EC50 for the zooplankton tests) hy either: Prohit, 
Spearman-Karber, or the Trimmed Spearmean-Karber Methods. The analysis used will 
depend on the distribution of the mortality data obtained from these toxicity tests. These 
LC50 or EC50 values will then be used to calculate Limiting Permissible Concentrations 
(LPC's). 

Reports 

A report of the results of the bioassay tests will be prepared following each of the tests. The 
report format will be as described in the permit conditions (Sections 3 .3 .5 .1 through 
3.3.5.5). Specific information including bioassay materials and methods, sampling 
procedures, results, data analysis, and discussion will be included in the report. General 
guidance for the bioassay reports will be that of EPA ( 1991). 

REFERENCES 

American Society for Testing and Materials, ASTM. 1992. Standard Practice for Conducting 
Static Acute Toxicity Tests with Embryos/Larvae of Four Species of Saltwater Bivalve 
Molluscs. Designation E724-92. Annual Book of Standards, Vol: 11.04. ASTM, Philadelphia, 
PA. 

United States Environmental Protection Agency. 1991. Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms. Fourth 
Edition. EPA/600/4-90/027. September 1991. 293 pp. 

United States Environmental Protection Agency, United States Army Corps of Engineers. 
1991. Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual. EPA-
503/8-91/001. February, 1991. 
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Part II 

PLAN OF STUDY FOR MODELING RE-EV ALU A TI ON 

INTRODUCTION 

Permit condition 3.3.5 of the Ocean Disposal Dumping Permits for StarKist Samoa and VCS 
Samoa Packing requires that the bioassay results be used re-evaluate the previous model 
predictions of dispersion of the plume created by dumping fish processing wastes at sea. The 
previous predictions are presented in the FEIS (EPA, 1989) and in a supplementary study 
(SOS, 1990). A field study of the fate of the wastes is described by Soule and Oguri (1983). 
A description of the previous model and the details of the past modeling results are found in 
Appendix B of the FEIS. 

We propose to conduct the model re-evaluation in three phases: 

[l] The existing model formulation, as described in the 1989 FEIS (Appendix B) 
will be used "as is" with model predictions evaluated using the new bioassay 
test results. Any differences in conclusions between earlier work and the 
reevaluation will be presented and discussed. 

[2] The input data and assumptions used in the model will be examined and 
evaluated. Sensitivity studies will be done for critical parameters, including 
assumed values for diffusion coefficients, initial dilution, and ambient 
conditions. The appropriateness and applicability of previously assumed 
values will be discussed. 

(3] A different, more sophisticated model(s), and/or modifications to the previous 
model, using appropriate assumptions, will be applied as an independent check 
of the previous model predications. The model selection will be based on the 
results of step [2] above. The objectives of the re-evaluation with a different 
model is to account for changes in vessel characteristics and operational 
methods and to develop a more representative model. 

The previous model, based on an approach originally developed by Norman Brooks, is 
typically very conservative in similar applications. Other assumptions in the model are also 
conservative. The use of a different or modified model will allow an evaluation of the 
degree of conservatism being applied. The initial dilution assumptions will also be examined. 
The propeller stream of the vessel will be modeled, using an established model developed at 
Texas A&M and modified by CH2M HILL, to assess the actual degree of the initial mixing. 
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Conclusions and recommendations will be presented based on the independent assessment. 
The three phases of the model re-evaluation are described below. 

MODELING METHODS 

Re-evaluation of Previous Model Predictions 

The results of the previous model are presented in terms of dilution ( or concentration) of fish 
processing waste versus distance from the initial dump site. Based on the results of the 
bioassay tests, the distance from the dump site where the effluent is diluted to the limiting 
permissible concentration (LPC) level can be determined. 

The previous model provided results parametricly with assumed ocean current speed, 
pumping rate, settling velocity, and other variables. The re-evaluation will examine the 
range of ambient receiving water conditions, pumping rates, and effluent characteristics for 
the new bioassay result'i to determine worst case conditions. 

Appropriate changes in model input parameters, such as vessel beam, vessel speed, or 
pumping rate, will be incorporated but the model formulation will remain as originally 
developed. A verification run using identical input for a previous model run will be done 
to confirm the same formulation is being used. A discussion of any differences between 
previous predictions and those for the new bioassay test results and compliance with permit 
conditions will be developed from the results of this phase of the model re-evaluation. 

Re-evaluation of Model Assumptions and Input 

The model assumptions and input can be considered in three categories: 

• Model formulation assumptions: assumptions involved in the basic for
mulation of the model involving the fundamental physics and mathematics 
used 

• Model development assumptions and input: the assumptions and methodology 
used to chose the magnitudes of the variables describing the important physical 
processes 

• Model execution assumptions and input: the values used for the description 
of ambient conditions and characteristics of the waste material. 
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Each of these categories of model assumptions and input will be examined and re-evaluated. 
Each of the categories of assumptions and input is discussed in more detail below. In 
addition to the direct re-evaluation of the model assumptions and inputs, the sensitivity of the 
model will to important variables will be assessed. The results of the model predictions, and 
the conclusions drawn from the previous model results (for previous bioassay tests and the 
new bioassay tests) will be examined and discussed in terms of model assumptions and 
inputs. Evaluations of the degree of conservatism in the previous model formulation and 
execution will be presented. 

Model Formulation Assumptions. The previous model formulation was based on the 
approach presented by Brooks (1960), and is essentially the same basic model as CDIFF 
(Yearsley, 1989). The formulation developed by Brooks calculates the lateral diffusion of 
a discharge plume as it is advected in the longitudinal direction and does not account for 
longitudinal dispersion. 

As initially developed by Brooks, the approach does not account for vertical diffusion, does 
not provide for the settlement of negatively buoyant constituents in the plume, and does not 
account for the dispersion of a positively buoyant plume or positively buoyant components 
of the discharged material. In addition the model, as implemented in the FEIS, assumes a 
line source of constant source strength and does not simulate the discharge from a vessel 
traveling in an arbitrary path for a finite length of time. 

The FEIS model provides for a settling velocity by redefining the longitudinal coordinate at 
a downward angle defined by the relationship between the longitudinal current speed and 
assumed vertical settling velocity such that: 

where 
x' = x • cos(0) 

0 = tan(u/w,) 

u = ambient horizontal, longitudinal velocity 

w, = settling velocity 

The FEIS model also accounts for vertical diffusion by applying a concentration reduction 
factor based on a Fickian diffusion coefficient (K_.). This factor is applied to the calculated 
centerline concentration (Cmax) by 
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to calculate an adjusted value of Cmax accounting for vertical diffusion, where H is the initial 
vertical plume dimension and t is travel time along the plume trajectory. 

Each of the basic assumptions of the model and the modifications made for the FEIS model, 
as discussed above, will be evaluated. In particular the assumption of a continuous line 
source will be examined and the implications of applying the model to a source discharge of 
a finite time interval will be evaluated. 

Model Development Assumptions. The values chosen to describe the physical processes 
wiJl be evaluated. These values include the lateral and vertical diffusion coefficients. In 
addition the model formulation assumptions include the spatial and temporal scales over 
which the model predictions are used. 

Model Execution Input Variables. The previous model input variables, not discussed in 
the model assumptions section above, include ambient current speed, initial dilution, settling 
velocity, and initial plume dimensions. An evaluation of the methodology and assumptions 
used to select the values used for these variables will be done. Changes in the values due 
to changes in vessel and operational procedures will be addressed. This evaluation will be 
extended by the sensitivity study descried below. 

Model Sensitivity. The sensitivity of the model to each of input variables and to as
sumptions about the parameters used to describe the physical processes will be evaluated. 
This will be done by running the model for a range of values. 

Development of Independent Model 

An independent model will be developed and used to evaluate the dispersion of waste 
discharged from the barge. The purpose of this model is to provide a more sophisticated 
alternative to more realistically describe the fate and transport of the discharge. The model 
will, at a minimum, include the effects of diffusion in both horizontal directions (longitudinal 
and lateral) and will model a discharge of finite time. In addition the model wi11 account for 
the spatial pattern of the discharge. 

The model will use initial dilutions as determined from the size of the propeller slipstream. 
Vertical diffusion will be accounted for using a technique similar to that used in the FEIS 
model. It is anticipated that the major difference in the model predictions will be reflected 
in the degree of conservatism involved in the model formulations and development. Any 
differences in model inputs and predictions will be justified and explained. 
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QUALITY CONTROL AND QUALITY ASSURANCE 

The objective of the quality control and quality assurance (QA/QC) effort is to provide a high 
level of confidence that the models are providing physically realistic predictions. QA/QC 
will be achieved through use of the proven models executed by staff familiar with those 
models. Specific QA/QC measures include: validation of model code and that the models 
are providing physically realistic predictions, addressing a range of potential conditions where 
appropriate, sensitivity analyses, and documentation and maintenance of input and output files 
generated during modeling activities. 
The models employed in the study are mathematical representations of physical processes. 
The mathematical equations used are solved numerically (approximate solutions) using a 
digital computer. It is important that this process, which is considerably removed from the 
actual physical processes and behavior of the ocean, accurately simulate what happens in the 
ocean. The process of validation uses representative parameters for simplified system 
configurations to determine if the predictions reflect reality. The process of validation begins 
as the initial model computer code is written and continues as long as the model code is used. 
It is particularly important that any changes in model code be checked for validity. The final 
element of validation is a determination of how sensitive a model is to changes in input 
parameters. An extremely sensitive model probably does not provide results with a high 
confidence level. Sensitivity checks will be carried out for each of the models for potentially 
critical parameters. 

Most numerical models of the type used here contain coefficients (e.g. friction factors, 
diffusion coefficients) that are often study site specific. Although there are generally 
accepted values for these coefficients, the range observed in nature is high and the models 
can be somewhat sensitive to the values selected. The process of calibration and verification 
uses measured values of forcing functions and responses to determine the appropriate 
coefficients for the model configuration at the study site. Typically a set of field data is used 
to determine the correct values to use for the coefficients. However, this is beyond the scope 
of the present study and there is little or no available and appropriate data for this task. In 
this case the model sensitivity studies, the use and justification of reasonable values for the 
literature and similar studies, and the incorporation of a prudent level of conservatism is 
required. 

DATA ANALYSIS AND REPORTING 

A report documenting the results of all analyses will be prepared. The report will include 
summaries of all input data, modeling procedures, and model results. All pertinent model 
results and output files (as appropriate) will be reproduced as an appendix to the report. 
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Model results will be presented both in tabular form and graphically (i.e. contour plots) as 
appropriate. The report will include: an executive summary; an introduction describing the 
background, rationale, and general approach of the study; a description of the methods used 
including model formulation and input data; a description of the model results; an evaluation 
of the model validity for predicting dilution and plume characteristics; and, an evaluation of 
the concentration of the fish processing wastes within and at the boundary of the permitted 
ocean dumping site. 
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UNITED STATES ENVIRONMENTAL PROTECTION 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne Street 
San Francisco, CA 94105 

December 10, 1993 

Oakland, CA 94604-2681 

AGENCY 

RECEIVED 
DEC 14 1993 
Ch~1v1 HILL 

SAN FRANCISCO 

Re: comments to Draft study Plans for Joint Cannery Ocean Disposal 
Bioassay Toxicity Tests and Modeling Re-evaluation 

Dear Steve: 

We have reviewed the draft study plans for the biotoxicity 
tests and modeling re-evaluation. Attached are comments on the 
bioassay toxicity tests which should be addressed before the plan 
will be approved. Questions regarding these comments should be 
addressed to Amy Wagner at (510) 412-2329. A final study plan 
should be submitted for approval upon resolution of these comments. 

Due to the delay in submittal of the draft study plan, we are 
allowing the first sampling episode to occur in January 1994, 
rather than in November 1993, as indicated in the ocean disposal 
permits. Thus we approve your request that each of the subsequent 
three sampling episodes be delayed by the same amount to maintain 
the desired spacing. However, the completion date for the overall 
study will not be changed. 

The modeling re-evaluation study plan is approved as submit
ted. However, as we previously discussed, the additional, more 
sophisticated model referenced in the plan has not been selected 
yet and will be submitted for EPA's review prior to its utiliza
tion. 

Please call Pat Young at 415/744-1594 if you have any ques
tions. 

~:z 1.tace, Chief 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim Cox, Van Camp Seafood Company 
Norman Wei, starKist Seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 

Attachment 



SUBJECT: 

TO: 

FROM:r 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 
San Francisco, CA 94105 

DEC O 9 199~ 
Review of Draft Bioassay and Modeling Re-evaluation Plans 
for Tuna Cannery Ocean Disposal Permits 

Pat Young 
American Samoa Program Manager 

Section 

Debra Denton, Permits Issuance Section, and I have reviewed Part I 
(Bioassay Toxicity Tests) in the above entitled document. We do 
not recommend approval of the plan until the following issues are 
addressed or considered. Any questions concerning these comments 
can be adressed to me at (510) 412-2329. 

1.Introduction, I-1: Considering the nature of the waste 
discharge, we agree that the fish processing wastes should be 
considered as whole effluent and not tested in the suspended 
particulate phase. 

2.Sample Shipping and Handling, page I-2: Understanding the 
logistical difficulties in shipping samples from the South Pacific, 
it should be recognized that a 10 day hold time could result in an 
increase or decrease of toxicity. It is likely that the BOD will 
increase over time as reflected by IDOD values determined in the 
last toxicity tests on cannery effluent. Every effort to minimize 
the hold time should be made. 

3.Selected Species, page I-2: Holmesimysis costata may not be an 
appropriate surrogate crustacean due to the low test temperature 
required and the crustacean's sensitivity to aeration. The use of 
the 96-hour static renewal acute test with Mysidopsis bahia is 
recommended as a more representative tropical species relevant to 
the study area. 

4.Sample Preparation, page I-4: Artificial sea salts for brine 
manipulations of effluents can often cause toxicity. Use of 
natural seawater brine effluents (obtained from freezing or 
evaporating natural seawater) is recommended. 

5. Experimental Conditions, II-4: The dilution series proposed seems 
more appropriate than the permit requirements based on toxicity 
seen at low concentrations of the cannery effluent. This dilution 
series may have to be modified after the first round of testing. 

6.Experimental Conditions, I-5: The test temperatures proposed for 
the crustacean and sea urchin bioassays are higher than standard 
method requirements. Tests with M- bahia and E- vanname± are run 
at 20c, while tests using Q• purpuratus are normally run at 12-15C. 



7.Experimental Conditions, I-5: Methods for fish, mysid, and sea 
urchin toxicity tests should be cited (manual or reference) in this 
section..since all test conditions (ie. static renewals, number test 
organisms) are not listed. 

a.Quality Control and Quality Assurance, I-5: Sodium chloride is 
not a standard reference toxicant used in marine fish and mysid 
tests. In addition, this salt may cause an osmoregulatory rather 
than a toxicity response in the test organism causing variable 
sensitivity and dose-responses. Sodium dodecyl chloride, copper 
sulfate, or zinc sulfate are recommended reference toxicants for 
these test organisms. 

cc: Terry Oda, Chief 
Permits Issuance Section (W-5-1) 
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Standard Operating Procedures 
High Strength Waste Sampling 

for Bioassay Toxicity Tests 

Introduction 

Starkist Samoa, Inc. and VCS Samoa Packing are each required under their Ocean 
Disposal Dumping Permits to conduct definitive acute bioassays on their high 
strength waste (HSW) streams that are barged to sea for disposal at the permitted 
dump site. The following gives detailed procedures for collecting, preparing, and 
shipping samples for these analyses. 

Each cannery is required to collect a composite sample of high strength waste 
while the waste is being transferred from the storage tanks to the barge. Currently 
a one gallon composite is required for the bioassay tests. The procedures described 
below are applicable to sampling at each of the canneries. 

List of Equipment/Supplies 

The following supplies will be required for collecting composite high strength 
waste samples and preparing them for delivery to the laboratories: 

• Three (3) 1/2 to 1 gallon sampling containers 
• One I-gallon cubitainer or other appropriate container (container 

should be heavy-duty plastic with secure cap, do not ship samples in 
glass containers) 

• Permanent marker for marking sample containers 
• Cooler with ice (or refrigerator space) for storing sample 
• Cooler for shipping samples (note: Cooler should be sized to hold 

sample(s) with sufficient room for ice.) 
• Cubed ice (enough ice to fill airspace in cooler) 
• Chain of Custody Forms (supplied by CH2M HILL or by laboratory 

conducting the analysis) 

Sampling 

The following describes the general sampling procedures: 

1) Collect "Grab" Samples. Sampling should take place the day of or 
evening before the samples are shipped to the lab. Collect three 1/2 to I
gallon grab samples from existing sampl.ing ports in the storage tank 
transfer lines at the time waste is being transferred from the storage tanks to 
the barge. The samples should be collected at 10 minute intervals. Record 
the time each grab was taken. Store all samples in coolers on ice or in a 
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refrigerator at a temperature of approximately 4°C. Do NOT store samples 
in a freezer or using a method that would otherwise freeze the samples. 

2) Composite Samples. Using a permanent marker, label the I-gallon 
cubitainer with the following information: 

• Facility samples were collected from 
• Date 
• Time each grab sample was collected 

Combine the three grab samples by measuring 1/3 gallon of each into the !
gallon cubitainer. Seal the sample container by placing plastic inside the 
cap and taping the cap down. 

3) Complete Chain of Custody Form. One chain-of-custody form is required 
for each cooler in which samples are shipped. An example of a completed 
chain-of-custody form is included as Attachment A, along with a blank 
copy. Fill out the chain-of-custody form in triplicate or copy keeping one 
copy and sending two with the samples to the laboratory. 

Shipping 

The samples should_ be shipped the fastest way possible to: 
Dr. Kurt Kline 
Advanced Biological Testing, Inc. 
3150 Paradise Drive, Building 50 
Tiburon, CA 94920 

Phone: (415) 435-7878; Fax: (415) 435-7882 

The samples from each cannery can be shipped in separate coolers or in the same 
cooler. Place the composite sample into the cooler in which sample(s) is to be 
shipped. Ice; or an equivalent means such as chemical cold packs, should be used 
to fill in the empty space in the cooler and keep the sample(s) cold during 
shipping. Do not use dry ice to ship the sample. If cubed ice is used, precautions 
should be taken to prevent the melted ice from leaking out of the cooler during 
shipping. These include taping any drain plugs in the cooler shut with duct tape or 
strapping tape, and "double-bagging" the ice cubes in zip-lock bags, i.e. sealing the 
ice cubes in one bag, then sealing the bag containing ice in a second bag. As 
much air as possible should be removed from the bags prior to sealing. (Too much 
air inside the bags will expand during flight and pop the bag open). 

The chain-of-custody, form should signed, placed in a zip-lock bag, and taped with 
duct tape to the inside of the cooler lid. The cooler should be taped securely with 
strapping tape or other strong packaging tape to prevent it from opening during 
shipping. 
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Example Chain-of-Custody Form 
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OPDQP FA% TRABSHXSSXOR 
USEPA Region 9 

Office of Pacific I5land and Native American Programs (E-4) 
75 Hawthorne street 

San Francisco, CA 94105 
I'll 110: (415) 744-1604 

VBRI:FICA!l'XOB BO: (415) 744-1599 
DATE: July 7, 1995 PAGES (incl. cover): 1 

--~---------.------.------------------------------------------------
TO: Kurt Kline 

Advanced Biological Testing Inc. 

FAX: 415/43S-7882 Phone: 415/435-7878 

SUBJECT: Bioassay Test of cannery waste on Bi-valve Larvae 

------~~-----------~---~--~-~~-----------------------------------
Amy Wagner discussed with me the problems you were having vi th 

spawning the mussel larvae necessary for conducting bioassay tests 
on the cannery waste, and whether you should continue with the 
tests even though the cannery waste sample is now over 10 days oid. 
Although the sample has been stored properly am4 refrigerated, we 
are concerned that given its high organic content and the waste's 
tendency to increase its ammonia content over time, no meaningful 
comparison or correlation of results could be ma4e among the 
results of bioassay tests conducted on mussel larvae using 10-day
old cannery waste and the results obtained with the sand dab and 
mysid using the fresh sample. Rather than having you conduct the 
entire series again with the three species using new samp1es, and 
given the unrealibility of the mussel spawning, we waive the 
requirement to conduct the bioassay test on the mussel larvae for 
this round of sampling. 

Should you have any questions, please feel free to call me. 

cc: Steve Costa, CH2MBill 
Jim cox, van Camp Seafoods 
Norman Wei, star-Kist Suaoa 
Amy Wagner, EPA u..~ 
Alan Ota, EPA { w· a• ?I ) 
Sheila, Wiegman, ASEPA 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne Street 
San Francisco, CA 94105 

September 30, 1994 

Oakland, CA 94604-2681 

Re: Third Bioassay Test of ocean Disposed High-Strength Waste of 
StarKist Samoa, Inc. and VCS Samoa Packing Company 

Dear Steve: 

We have reviewed the two options proposed in your letter of 
September 14, 1994 for the timing of the third bioassay test 
required by the canneries' ocean disposal permits. We believe that 
information obtained during the different seasons would prove 
valuable. Thus, your proposal to change the schedule of the final 
bioassay test from December 1994 to June 1995 is approved. We 
understand that this will extend the term of the study beyond that 
stated in the permits. Since the modeling and evaluation will have 
been started on the first sets of data, we would expect to see the 
final study results by October 1995. As you know, the permits 
expire on August 31, 1996, and the canneries should reapply for 
permit renewal a few months prior to this expiration date. Because 
of the implications this report has for the designated ocean 
disposal site, we would like to receive the modeling and evaluation 
report with ample time to review it prior to the reapplication 
period. 

Please call me at (415) 744-1594 if we need to discuss this 
further. 

Sincerely, 

/Jed-~ 
Pat Young 
American Samoa Program Manager 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim Cox, Van Camp Seafood Company 
Norman Wei, StarKist Seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 
Allan Ota, W-3-3 
Amy Wagner, P-3-1 



~, _ UN:CTED 

\~ 
Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Ha'lllthorne Street 
San Francisco, CA 94105 

August 29, 1994 

Oakland, CA 94604-2681 

Re: Comments on Bioassay Testing of Ocean Disposed High-Strength 
Waste of StarKist Samoa, Inc. and vcs Samoa Packing Company 

Dear Steve: 

We have reviewed the report of June 29, 1994 for the first of 
three rounds of bioassays o:f high-strength waste, as required by 
the canneries' ocean disposal permits. The report is based on two 
sampling events: the first was collected on February 16, 1994; and, 
a second sample was required and tested in March 1994, due to test 
failure of the echinoderms in the first sample. Your proposed 
changes to the study methods, as outlined in your memo of July 1, 
1994, are acceptable. Enclosed is a memo from Amy Wagner of EPA's 
Laboratory Support Section, detailing the acceptable changes. 
Please call Amy at (510) 412-2329 if you have any questions on her 
conunents. 

We note that the second and third rounds - of te!;ting were 
scheduled for May and Augu~t 1994, and we would like to know if 
these tests were conducted as scheduled and, if not, the resched
uled dates, and when we can anticipate the reports on these 
bioassays_ Please relay this information to Pat Young, American 
Samoa Program Manager, or if you have any questions, call her at 
(415) 744-1594. 

Enclosure 

Sincerely, 

111-f_~ 
0 --»orman L. Lovelace, Chief 

..fo""'"otfice of Pacific Island and Native 
American Programs (E-4) 

cc: Jim cox. Van camp Seafood Company 
Norman Wei, starKist Seafood company 
Tony Tausaga·, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 
Allan Ota, W-3-3 
Amy Wagner, P-3-1 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX LABORATORY 

1337 S. 46TH STREET BLDG 201 
RICHMOND, CA 94804-4698 

MEMORANDUM 

SUBJECT: Review of Bioassay Testing of Starkist, Samoa~ Inc. and VCS Samoa 
Packing High Strength 

FROM: 

THRU: 

TO: 

kt. L kLri 
!<iiiy~ agner 
Laboratory Section (P-3-1) 

ll~~j{£t~~IIi __ _ 
Laboratory Section (P-3-1) 

Pat Young 
OPINAP (E-4) 

Allan Ota 
Wetlands and Sediment Management Section (W-3-3) 

At your request, I have reviewed "Results of a Bioassay Conducted 6n Two High 
Strength Waste Samples from the Van Camp and Starkist Tuna Canneries in American 
Samoa." The following recommendations are based on the results of the first ·round 
of testing. · 

1. p. 11 The salinity of the Mysidopsis bahia tests were 25 ppt, presumably based on 
the salinity of the shipping water. An effort should be made to find a supplier that 
raises mysids in a salinity closer to that of the discharge site, between 30-35 ppt. 

2. Appendix, p. 1. It is recommended that the water quality measurements pH, 
dissolved oxygen, and initial salinity be measured for all samples upon receipt. 



3. Appendix, Table 10. The salinities of 26-28 ppt most likely caused the high 
mortality in controls with the sea urchin toxicity test. If necessary, brine adjustments 
should be used to increase the salinity of test samples to the test method requirements 
of 30 + 2 ppt · 

4. To reduce salinity elevation throughout the tests, an attempt should be made to 
cover test containers to reduce evaporation. 

Based on the results of these tests, the following changes in the bionssay methods 
recommended by CH2M Hill in the cover memo are acceptable. 

L The series of the concentrations for toxicity tests can be reduced to 2.0%, 1.0%, 
0.5%. 0.25%, 0.125%, and 0.0625% instead of the suggested series. 

2. Mytilus edulis can be used instead of Strongylocentrotus purpuratus as the third 
test organism. The oyster Crassosrrea virginica may be substituted for the mussel 
test during the months when mussels cannot be spawned. 

3. Aeration should be provided in the mussel test containers due to high biological 
oxygen demand of the effluent. In addition to a control with aeration~ a control 
without aeration should be run. A t-test should be used to determine if the there 
is any significant effect of aeration_ 

Any questions on the comments can be addressed to me at (51Q) 412-2329. 

cc: Jeff Rosenbloom, Chief 
Wetlands and Sediment Managemenr Section CW-3-3) 



UNITED STATES ENVIRONMENTAL PROTECTION 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne Street 
San Francisco, CA 94105 

December 10, 1993 

Oakland, CA 94604-2681 

AGENCY 

RECEJVFD 
DEC 14 1993 
Ch~IVI HILL 

SAN FRANc,sco 

Re: comments to Draft Study Plans for Joint cannery Ocean Disposal 
Bioassay Toxicity Tests and Modeling Re-evaluation 

Dear Steve: 

We have reviewed the draft study plans for the biotoxicity 
tests and modeling re-evaluation. Attached are comments on the 
bioassay toxicity tests which should be addressed before the plan 
will be approved. Questions regarding these comments should be 
addressed to Amy Wagner at (510) 412-2329. A final study plan 
should be submitted for approval upon resolution of these comments. 

Due to the delay in submittal of the draft study plan, we are 
allowing the first sampling episode to occur in January 1994, 
rather than in November 1993, as indicated in the ocean disposal 
permits. Thus we approve your request that each of the subsequent 
three sampling episodes be delayed by the same amount to maintain 
the desired spacing. However, the completion date for the overall 
study will not be changed. 

The modeling re-evaluation study plan is approved as submit
ted. However, as we previously discussed, the additional, more 
sophisticated model referenced in the plan has not been selected 
yet and will be submitted for EPA's review prior to its utiliza
tion. 

Please call Pat Young at 415/744-1594 if you have any ques
tions. 

~:z irace, Chief 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim cox, Van Camp Seafood Company 
Norman Wei, starKist Seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 

Attachment 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne street 
San Francisco, CA 94105 

DECO 9 199~ 
SUBJECT: Review of Draft Bioassay and Modeling Re-evaluation Plans 

for Tuna Cannery Ocean Disposal Permits 

TO: Pat Young 
American Samoa Program Manager 

Debra Denton, Permits Issuance Section, and I have reviewed Part I 
(Bioassay Toxicity Tests) in the above entitled document. We do 
not recommend approval of the plan until the following issues are 
addressed or considered. Any questions concerning these comments 
can be adressed to me at (510) 412-2329. 

l.Introduction, I-1: Considering the nature of the waste 
discharge, we agree that the fish processing wastes should be 
considered as whole effluent and not tested in the suspended 
particulate phase. 

2.sample Shipping and Handling, page I-2: Understanding the 
logistical difficulties in shipping samples from the south Pacific, 
it should be recognized that a 10 day hold time could result in an 
increase or decrease of toxicity. It is likely that the BOD will 
increase over time as reflected by IDOD values determined in the 
last toxicity tests on cannery effluent. Every effort to minimize 
the hold time should be made. 

3.Selected Species, page I-2: Holmesimysis costata may not be an 
appropriate surrogate crustacean due to the low test temperature 
required and the crustacean's sensitivity to aeration. The use of 
the 96-hour static renewal acute test with Mysidopsis bahia is 
recommended as a more representative tropical species relevant to 
the study area. 

4.Sample Preparation, page I-4: Artificial sea salts for brine 
manipulations of effluents can often cause toxicity. Use of 
natural seawater brine effluents (obtained from freezing or 
evaporating natural seawater) is recommended. 

5. Experimental Conditions, I-4: The dilution series proposed seems 
more appropriate than the permit requirements based on toxicity 
seen at low concentrations of the cannery effluent. This dilution 
series may have to be modified after the first round of testing. 

6.Experimental Conditions, I-5: The test temperatures proposed for 
the crustacean and sea urchin bioassays are higher than standard 
method requirements. Tests with M- bahia and f. vanname± are run 
at 20C, while tests using~- purpuratus are normally run at 12-15C. 



7.Experimental Conditions, I-5: Methods for fish, mysid, and sea 
urchin toxicity tests should be cited (manual or reference) in this 
section~since all test conditions (ie. static renewals, number test 
organisms) are not listed. 

a.Quality Control and Quality Assurance, I-5: Sodium chloride is 
not a standard reference toxicant used in marine fish and mysid 
tests. In addition, this salt may cause an osmoregulatory rather 
than a toxicity response in the test organism causing variable 
sensitivity and dose-responses. Sodium dodecyl chloride, copper 
sulfate, or zinc sulfate are recommended reference toxicants for 
these test organisms. 

cc: Terry Oda, Chief 
Permits Issuance Section (W-5-1) 
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RESULTS OF A BIOASSAY CONDUCTED ON 
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Advanced lliiological ifesting Inc. 

1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia, Mytilus edulis, Strongylocentrotus 

purpuratus and Citharichthys stigmaeus using high strength wastes (HSW) collected separately 

from the Van Camp (HSW-1) and Starkist (HSW-2) tuna canneries in American Samoa. The 

study was run using methods generally specified in EPA 1991 and in a Sampling and Testing 

Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 
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2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on February 16, 1994 by personnel from 

CH2M Hill. Due to shipping and airline scheduling problems, frequently encountered in this 

region, the sample was received by the laboratory on February 19, 1994. Two five gallon carboys 

were provided from each cannery defined as HSW-1 (VCS) and HSW-2 (SK) and were 

maintained in ice-filled coolers from the date of sampling until laboratory receipt. The sample 

were at 2-3°C upon receipt. 

Due to the test failure in the echinoderms, both of the HSW were resampled on March 30, 1994, 

and shipped to ABT arriving on April 4, 1994. 

2.2 SAMPLE PREPARATION 

2.2.1 Testing on the speckled sanddab, Citharichthys stigmaeus 

After extensive discussions with the EPA regarding the proposed testing concentrations, the high 

strength wastes were tested at eight concentrations starting from 3.0% and dropping using a 50% 

dilution factor. The final concentrations were 3.0, 1.5, 1.25, 0.8, 0.4, 0.2, 0.1 and 0.05% as 

vol:vol dilutions in seawater. The diluent was filtered seawater from the Bodega Bay Marine 

Laboratory. The dilutions were brought up to the test temperature (14°C) and aerated 

continuously. Based upon data provided by CH2M Hill, and subsequently supported by 

information from the EPA, these effluents have an extremely high biological oxygen demand, 

therefore aeration was carried out from the beginning of the test. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/Lin 30 ppt seawater in a 24 hour test. 

2.2.2 Testing on the mysid, Mysidopsis bahia 

Both of the high strength wastes were tested twice, once in a concentration series of 25, 12.5, 

6.25, 3.1, 1.6, 0.8, and 0.4% vol:vol in seawater, and after discussions with the EPA, a second 
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time at a lower concentration series of 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05% vol:vol dilutions. The 

diluent was filtered seawater from the Bodega Bay Marine Laboratory. The dilutions were 

brought up to the test temperature (20°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 20, 10, 5, 2.5 and 1.25 mg/L in 30 ppt seawater in a 96 hour test. 

2.2.3 Echinoderm and Bivalve Larval Bioassay 

Test solutions used in the bioassays were prepared using San Francisco Bay seawater at 28 ppt in 

serial dilution (0.5) to create 0.08%, 0.15%, 0.3%, 0.6% and 1.2% test concentrations for the 

bioassays. The echinoderm test failed control survival in two testing attempts using the initial 

HSW delivered on February 19, 1994. A second sample was requested from each cannery which 

was delivered on April 4, 1994. The echinoderm test again marginally failed the controls and the 

results of the study are presented for information. The bivalve study conducted concurrently with 

the echinoderm bioassay passed the control criteria. 

The reference toxicant for the echinoderm and bivalve larval bioassays was copper at test 

concentrations of 0.56, 3.2, 10, 32, and 56 µg/L. 

2.2.4 Citharichthys stigmaeus 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on February 19, 1994. 

The test conditions are summarized in Table 1. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily as initial quality on Day 0 

and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 

salinity, total ammonia, and temperature. 

2.2.S Mysidopsis bahia 

The first bioassay was carried out on 7-10 day old larval Mysidopsis bahia, supplied by 

J. Brezina and Associates in Dillon Beach, California. The animals were received at ABT on 

February 19, 1994. The test conditions for this test are summarized in Table 2. The second test 

was carried out on larval mysids supplied by Aquatox from Hot Springs, Arkansas. The animals 
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were received at ABT on February 26, 1994. The test conditions for the second test are 

summarized in Table 3. 

Five replicates of each concentration were tested with ten larval mysids per replicate. Water 

quality was monitored daily as initial quality on Day 0 and final water quality on Days 1-4. 

Parameters measured included dissolved oxygen, pH, salinity, total ammonia, and temperature. 

2.2.6 Echinoderm Larval Development Test 

The echinoderm larvae survival and development test followed draft ASTM methods (ASTM, 

1994). Purple urchins, Strongylocentrotus purpuratus, were.obtained from A. K. Siewers, Santa 

Cruz, California. Adults were induced to spawn by intercoelomic injection of 0.5M KCl. 

Released eggs were placed in individual containers of filtered seawater, and sperm was collected 

dry and held on ice. Gametes were mixed and allowed to fertilize for up to two hours. Fertilized 

eggs were then separated from sperm and debris by filtering the suspension at 20 µm. Egg stock 

density was estimated by counting an aliquot of dilute stock concentrate. Equal volumes of 

concentrate were added to each replicate to an initial density of 15-30 embryos per mL. Initial 

stocking density was confirmed by counting a 5 mL aliquot from at least three control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature, pH, dissolved oxygen, and salinity were recorded at 0, 24, 48 and 72 hours in water 

quality replicates. Total ammonia was measured in the 1.2% sample at 0 and 48 hours. At the 

end of the exposure period, a 5 mL sub-sample was taken from each test replicate and preserved 

with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the total 

number of normal and abnormal larvae were counted. 

2.2.7 Mytilus edulis Larval Survival and Development Test 

The bivalve larvae survival and development test was run in parallel with the echinoderm using 

the second set of effluents. The test followed methods in ASTM (1993). Bay mussels, Mytilus 

edulis, were obtained from A. K. Siewers, Santa Cruz, California. Adults were induced to spawn 

by heat shocking. Released gametes were placed in individual containers of filtered seawater and 

examined for viability. Gametes were mixed and allowed to fertilize for up to two hours, under 

gentle aeration. Fertilized eggs were then separated from sperm and debris by filtering the 

suspension at 20 µm. Egg stock density was estimated by counting an aliquot of dilute stock 

concentrate. Equal volumes of concentrate were added to each replicate to an initial density of 
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15-30 embryos per mL. Initial stocking density was confirmed by counting a 5 mL aliquot from 

at least three.control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature, pH, dissolved oxygen, and salinity were recorded at O and 48 hours; temperature 

was also recorded at 24 hours. Total ammonia was measured in 1.2 % sample at O and 48 hours. 

At the end of the exposure period, a 5 mL sub-sample was taken from each test replicate and 

preserved with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the 

total number of normal and abnonnal larvae were counted. 

Dissolved oxygen levels of test solutions of HSW-2 fell below 60% saturation in both the bivalve 

and echinoderm tests. Gentle aeration was started on Day 1, and continued for the duration of the 

tests. To assess the effects of aeration, control replicates 4 and 5 were aerated beginning on 

Day 1 for both the bivalve and echinoderm tests. No statistical differences were observed 

between aerated and unaerated control replicates. 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the test, the survival data were evaluated statistically using ToxCalc TM to 

determine ECp, NOEC, and TU values where appropriate. ToxCalc TM is a comprehensive 

statistical application that follows standard guidelines for acute and chronic toxicity data 

analysis. 

At the conclusion of the echinoderm tests, data were evaluated statistically to estimate the LC50 

and IC50 values for the elutriate tests. The LC50 and IC50 values were estimated using the 

Probit or the Linear Interpolation (Bootstrap) Method. 

The LC50 and the IC50 for the bivalve larvae copper reference toxicant test were both within 

two standard deviations of the laboratory means of 26.3 µg/L and 8.9 µg/L, respectively, 

indicating normal sensitivity of the test organisms. No laboratory means for the echinoderm 

larvae copper reference toxicant test have yet been established. 

Statistical effects can be measured by the ECp, the estimated concentration that causes any 

effect, either lethal (LC) or sublethal (IC), on po/o of the test population. The LCp is the point 

estimate of the concentration at which a lethal effect is observed in p% of the test organisms. 

ECp values include 95% confidence limits if available. 
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The NOEC (No Observable Effect Concentration) is the highest tested concentration at which 

mortality is not significantly different from the control. 

6 
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3.0 
RESULTS 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 20 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected at approximately 1 hour after test initiation in all of the concentration even with 

supplemental aeration therefore aeration was maintained in all chambers for the duration of the 

test. Ammonia was measured in two replicates from each concentration daily and was a 

potentially significant toxic component of the test for all concentrations. 

3.1 Citharichthys stigmaeus 

The LCS0 for HSW-1 was 0.59%. Mortality in the effluent was rapid at the highest 

concentrations, occurring in 2-4 hours. There was significant mortality at 3.0, 1.5, and 0.8% 

concentrations compared to the control at 96 hours. The NOEC was 0.4% and the LOEC was 

0.8% 

The LC50 for HSW-2 was 0.27%. Mortality in the effluent was rapid at the highest 

concentrations, generally occurring in 2-4 hours. There was significant mortality at 3, 1.5, 0.8 

and 0.4% concentrations compared to the control at 96 hours. The NOEC was 0.2%, and the 

LOEC was 0.4%. 

· The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LCS0 of 4.34 mg/L, an NOEC of 3.1 mg/L, and an LOEC of 6.25 mg/L. This is the 

first reference toxicant test on Citharichthys at this laboratory, therefore no database has been 

established by this laboratory. 

3.2 Mysidopsis bahia 

The LC50 results for both HSW effluents in the initial tests were <0.4%. Based upon the fact that 

no definitive LCS0 could be calculated, the tests were rerun as described in the methods. 

The LCS0 for HSW-1 was 0.59%. Mortality in the 1.6% and 0.8% effluent was incomplete at 24 

hours. At 96 hours, there was significant mortality at 1.6, 0.8, 0.4, and 0.1 % concentrations 

compared to the control. The NOEC was 0.05% and the LOEC was 0.1 %. 
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In the second test series the LC50 for HSW-2 was 0.12%. Mortality in the 1.6% and 0.8% 

effluent was complete at 24 hours. There was significant mortality at 96 hours in the 1.6, 0.8, 0.4, 

0.2 and 0.1 % concentrations compared to the control. The NOEC was 0.05%, and the LOEC was 

0.1%. 

The reference toxicant test had an LC50 of 8.90 mg/L, With an NOEC of <1.25 mg/Land an 

LOEC of 1.25 mg/L. This is the first reference toxicant test on Mysidopsis at this laboratory, 

therefore no database has been established. 

3.3 ECHINODERM LARVAL BIOASSA Y 

Control survival was marginal and unacceptable according to the protocol at 64.4% with 5.7% 

abnormal development. Total survival was relatively high and equal to control survival in all 

concentrations, however all of the embryos were abnormally developed at 0.15% to 1.2% in 

HSW-1 and from 0.08% to 1.2% in HSW-2. The LC50 for both effluents was greater than 1.2% 

however the ICS0 was 0.1% for HSW-1 and <0.08% for HSW-2. 

The reference toxicant analysis yielded an LCS0 of 11.8 µg/L and an IC50 of 10.1 µg/L. The use 

of the echinoderm larval bioassay is still limited and no data is available for comparison. 

3.4 BIVALVE LARVAL BIOASSA Y 

Control survival was acceptable at 98.1 % with 6.3% abnormal development. Total survival was 

relatively high in all concentrations, however all of the embryos were abnormally developed at 

0.15% to 1.2% in HSW-1 and HSW-2. The LC50 for both effluents was greater than 1.2% 

however the IC50s were <0.08% for both HSW-1 and HSW-2. 

The LC50 and IC50 for the bivalve larvae copper reference toxicant test were both within two 

standard deviations of the laboratory means of 26.3 µg/L and 8.9 µg/L, respectively, indicating 

normal sensitivity of the test organisms. 

3.5 AMMONIA MEASUREMENTS 

Ammonia in both of the HSW was very high. When measured in a 25% dilution in seawater, 

ammonia levels ranged from 160 to 180 mg/L. If converted to the 100% concentration, the 
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ammonia level would be above 640 mg/L. Tested concentrations in the Citharichthys bioassay 

ranged from {).08 to 0.17 mg/Lin the lowest concentration (0.05%) to 3.44 to 9.65 mg/L in the 

3.0% dilution. At each test concentration, HSW-2 generated the higher ammonia levels. The 

toxicity of ammonia to sanddabs is well documented and the measured levels in the three highest 

concentrations in HSW-2 and the two highest concentrations in HSW-1 were sufficient to cause 

toxicity in the test animals in 24 hours. The mysid test results appear to indicate a slightly higher 

tolerance to ammonia as has been shown in the literature. 
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TABLEl 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Citharichthys stigmaeus (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/f reatment 

Feeding 

Deviations from procedures 

Data 

Citharichthys stigmaeus 

J. Brezina and Associates 

Tomales Bay 

2/19/94 

24 hours 

30 ppt seawater 

15±2°C 

Juveniles, 3-5 cm TL 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °c in the dark 

96 hour static acute, renewal at 48 hours 

2/19/94 to 2/23/94 

Bodega Bay seawater 

15 ± 1 °C 

16 L: 8 D 

30± 2 ppt 

20 L polyethylene chamber 

10 animals/replicate 

SL 

5 

None 

Due to aeration, salinity increased throughout test. 
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TABLE2 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Mysidopsis bahia 

J. Brezina and Associates 

2/19/94 

overnight 

Shipping water 

20±2°C 

larvae 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

2/19/94 to 2/23/94 

Bodega Bay seawater 

20± 2°c 

14L:10D 

25 ppt 

l0OOmLjars 

10 animal/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

Due to aeration, salinity increased throughout test 
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TABLE3 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Mysidopsis bahia 

Aquatox 

2/26/94 

Overnight 

Shipping water 

20±2°C 

larvae 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

2/27/94 to 3/2/94 

Bodega Bay seawater 

20± 2°c 

14 L: 10 D 

25 ppt 

1000 mLjars 

10 animal/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

Due to aeration, salinity increased throughout test 
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TABLE4 

Bioassay Procedure And Organism Data 

For The Bioassay Using Larvae of 

Strongylocentrotus purpuratus (modified ASTM 1994) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Strongylocentrotus purpuratus 

A.K. Siewers, Santa Cruz, CA 

4n/94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

940404-3, -4 

3/30/94 

4/4/94 

Two liters 

4 °C in the dark 

Acute/static; 96 hours 

4n /94 to 4/11/94 

San Francisco Bay seawater, 0.45 µm filtered and 

uv-sterilized 

16 ± 2°c 

14L:10D 

30± 2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

5 

None 

Chambers were gently aerated with low bubble 

aeration 
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TABLES 

Bioassay Procedure And Organism Data 

For The 48 Hour Bioassay 

Using Larvae of Mytilus edulis (ASTM 1993) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Mytilus edulis 

A.K. Siewers, Santa Cruz, CA 

4nt94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

940404-3 ,-4 

3/30/94 

4/4/94 

Two liters 

4 °C in the dark 

Acute; static; 48 hours 

4n 194 to 4/9/94 

San Francisco Bay seawater, 0.45 µm filtered and 

uv-sterilized 

16 ± 2°c 

14L:10D 

30±2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

3 

None 

Chambers were gently aerated with low bubble 

aeration 

14 
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TABLE6 

SUMMARY OF RESULTS 
FOR THE IDGH STRENGTH WASTE BIO ASSAYS 

Species Test Endpoint HSW-1 

Citharichthys stigmaeus 96 hr static LC50 0.59% 

Mysidopsis bahia 96 hr static LC50 0.59% 

Strongylocentrotus purpuratus 96 hr static LC50 >1.2% 
IC50 0.10% 

Mytilus edulis 48 hr static LC50 >1.2% 
IC50 <0.08% 

Note: 
HSW-1: Van Camp 
HSW-2: Starkist 

15 

HSW-2 

0.27% 

0.12% 

>1.2% 
<0.08% 

>1.2% 
<0.08% 
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TABLE7 

SUMMARY OF RESULTS FOR THE REFERENCE TO XI CANT (S.D.S.) TEST 

Citharichthys stigmaeus 
Concentration 

(mg/L) 

Control 
1.6 
3.1 
6.2 

12.5 
25 

Mysidopsis bahia 
Concentration 

(mg/L) 

Control 
1.25 
2.5 

5 
10 
20 

* 
ICp/LCp: 

NOEC: 

TU: 

% 
Survival 

93.3 
80.0 
100.0 
0.0 
0.0 
0.0 

% 
Survival 

90.0 
70.0 
56.7 
46.7 
46.7 
36.7 

Statistically significant. 

ECp 
(mg/L) 

EC50 

ECp 
(mg/L) 

4.3449 

ECS0 8.90 (3.04-69.22) 

Inhibition/Lethal Concentration for p% of the organisms. 
No Observable Effect Concentration. 
100%/NOEC. 

16 

NOEC 
(mg/L) 

3.1 

NOEC 
(mg,'L) 

<1.25 

LOEC 
(mg/L) 

6.25 

LOEC 
(mg/L) 

1.25 



Advanced IBiological Testing Inc. 

4.0 
REFERENCES 

U.S. EPA. 1991. Methods for measuring acute toxicity of effluents to freshwater and marine 

organisms, 4th ed. EPA 600/4-90/027, September, 1991. 

ASTM. 1993. Annual Book of Standards. Vol. 11.04. Standard guide for conducting static acute 

toxicity tests starting with embryos of four species of saltwater bivalve mollusca. E-724-89. 

ASTM. 1994. Annual Book of ASTM Standards Vol. 11.04. Guide for conducting static acute 

toxicity tests with echinoid embryos. Proposed Standard in review. 

17 



ANALYTICAL DATA 



APPENDIX TABLE 1 

SAMPLE WATER QUALITY 

Total Initial 
pH DO NH3 Salinity 

Date Day Sample (units) (mg/L) (mg/L) {ppt) 

0 HSW-1, 1.2% 7.62 8.0 62.5 26 

0 HSW-2, 1.2% 6.87 7.9 51.6 26 

4/9/94 2 HSW-1, 1.2% 26.4 
2 HSW-2, 1.2% 41.2 

4/11/94 4 HSW-1, 1.2% 33.5 

4 HSW-2, 1.2% 41.9 



Concentration 
(%) Rep pH 

Control I 
2 

3 
4 

5 

0.05 I 
2 

3 
4 

5 

0.1 I 
2 

3 
4 

0.2 I 
2 

3 
4 
5 

0.4 I 
2 
3 
4 

5 

0.8 I 
3 
4 

5 

1.5 I 
2 
3 
4 

5 

3.0 I 
2 

3 
4 

5 

8.02 

8.00 

8.01 

8.01 

7.93 

7.68 

7.51 

7.23 

Day0 
DO NH3 °C Sal 

6.2 0.02 14.0 32.0 

6.3 0.19 14.0 32.2 

6.2 0.25 14.0 32.1 

6.0 0.54 14.0 32.1 

6.1 0.89 14.0 32.0 

6.1 2.01 14.0 32.0 

6.0 3.56 14.0 32.2 

5.9 I I.I 14.0 32.1 

APPENDIX TABLE 2 

Cilharichlhys stigmatus 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

HSW-1 

Day 1 Day2 Day 3 Day4 

pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 ''C Sal pH DO NH3 °C Sal 

8.07 
8.11 
8.10 
8.10 
8.10 

8.04 
8.03 
8.05 
8.01 
8.05 

8.06 
8.03 
8.01 
8.04 

8.04 
8.01 
7.98 

5.5 0.01 13.2 31.5 
5.8 13.7 31.0 
6.0 13.8 30.9 
6.0 13.2 31.6 
6.0 13.3 31.7 

6.0 0.08 13.5 33.8 
6.0 13.6 33.8 
6.0 13.5 32.7 
6.0 13.5 32.3 
5.9 13.6 33.I 

6.0 0. 13 13.5 31.8 
5.9 13.8 31.7 
5.8 13.3 32.8 
5.9 13.8 32.6 

5.7 0.20 14.2 30.0 
5.8 14.1 29.9 
5.8 13.9 29.8 

8.08 
8.13 
8.12 
8.13 
8.12 

8.07 
8.07 
8.10 
8.07 
8.09 

8.12 
8.10 
8.08 
8.12 

8.14 
8.14 
8.12 

5.5 13.8 32.9 
5.6 0.12 14.2 31.7 
5.7 14.2 31.8 
5.7 13.6 33.1 
5.6 13.9 33.3 

5.6 13.9 36.2 
5.5 0.05 13.9 36.4 
5.5 14.1 33.6 
5.6 14.1 33.4 
5.6 14.1 34.1 

5.6 13.9 32.6 
5.7 0.08 14.2 32.6 
5.7 13.8 34.8 
5.8 14.5 33.9 

5.9 14.4 31.1 
5.8 0.17 I 4.5 30.5 
5.8 14.2 30.3 

8.03 
8.12 
8.11 
8.11 
8.12 

8.07 
8.04 
8.08 
8.06 
8.09 

8.11 
8.10 
8.06 
8.11 

8.13 
8.16 
8.13 

6.0 14.0 35.0 
6.0 14.3 33.0 
6.0 14.4 32.0 
6.0 <0.10 13.9 35.0 
6.0 14.0 34.0 

6.0 14.0 38.0 
6.0 14.I 38.0 
6.0 14.2 35.0 
6.0 <0.10 14.2 34.0 
6.0 14.2 35.0 

6.0 14.I 34.0 
6.0 14.4 33.0 
5.9 14.0 37.0 
6.0 <0.10 14.6 35.0 

6.0 
6.0 
5.9 

14.3 32.0 
14.6 31.0 
14.9 31.0 

8.06 
8.13 
8.12 
8.13 
8.13 

8.07 
8.06 
8.10 
8.04 
8.10 

8.13 
8.10 
8.06 
8.11 

8.13 
8.16 
8.14 

6.1 
6.1 
5.8 
5.6 
5.8 

5.8 
5.6 
5.6 
5.8 
5.8 

5.8 
5.8 
5.6 
5.7 

6.0 
5.9 
5.9 

8.02 5.8 
8.03 5.8 

13.9 29.8 8.15 5.8 14.2 30.5 8.15 6.3 ITT 14.9 31.0 8.16 5.8 
13.8 29.8 8.13 5.8 14.2 30.5 8.15 6.3 14.9 31.0 8.17 5.8 

7.95 
7.98 
8.00 
7.76 
7.93 

7.89 
7.82 
7.95 
7.88 

7.83 
7.76 
7.75 
7.76 

5.4 0.33 13.7 30.1 
5.6 14.4 30.2 
5.9 14.4 30.2 
4.6 14.0 29.9 
5.2 13.5 30.4 

5.2 0.64 13.7 30.8 
5.1 13.1 31.2 
5.4 14.1 30.8 
5.4 13.2 31.5 

5.2 1.43 13.3 32.2 
4.8 13.5 31.7 
5.0 12.9 32.3 
5.2 12.9 32.2 

7.76 5.1 12.9 32.3 

7.85 
7.74 
7.81 
7.75 
7.81 

5.6 3.44 13.6 33.7 
4.6 13.9 33.3 
5.0 13.9 33.8 
4.7 14.1 33.6 
5.0 19.2 33.7 

8.12 5.4 14.2 30.8 
8.13 5.8 0.25 14.8 31.1 
8.15 5.7 14.3 31.6 
8.06 5.8 14.5 30.3 
8.11 5.6 14.0 31.4 

8.15 
8.09 
8.16 
8.13 

5.6 14.1 31.7 
5.6 0.40 13.7 32.6 
5.5 14.5 32.0 
5.7 14.5 32.7 

8.14 
8.17 
8.18 
8.09 
8.13 

8.15 
8.06 
8.17 
8.16 

6.3 14.3 32.0 
6.3 14.9 32.0 
6.3 14.6 33.0 
6.2 0.17 14.7 31.0 
6.2 14.0 32.0 

6.2 14.2 33.0 
6.3 13.90 34.0 
6.4 0.48 14.3 34.0 
6.3 14.5 34.0 

8.17 
8.18 
8.06 
8.11 
8.19 

8.10 
8.10 
8.18 
8.21 

5.8 
5.8 
5.8 
5.8 
5.6 

5.8 
5.8 
5.8 
5.8 

0.02 14.4 36.0 
15.0 33.0 
15.2 33.0 
14.6 36.0 
14.7 37.0 

0.10 14.8 40.0 
14.7 40.0 
14.6 35.0 
14.7 35.0 
14.9 36.0 

0.12 14.9 34.0 
14.9 34.0 
14.4 39.0 
14.9 36.0 

0.17 14.9 34.0 
14.9 32.0 
15.0 32.0 
15.0 32.0 
15.0 32.0 

0.31 15.0 32.0 
14.7 33.0 
14.6 34.0 
14.6 36.0 
14.3 34.0 

0.51 14.7 33.0 
14.20 36.0 
14.4 35.0 
14.3 35.0 

Min 
Max 

7.23 5.9 0.02 14.0 32.0 7.74 4.6 0.01 12.9 29.8 8.06 5.4 0.05 13.6 30.3 8.03 5.9 <0.10 13.9 31.0 8.04 5.6 0.02 14.2 32.0 

8.21 6.1 0.51 15.2 40.0 8.02 6.3 I I.I 14.0 32.2 8.11 6.0 3.44 19.2 33.8 8.16 5.9 0.40 14.8 36.4 8.18 6.4 0.48 14.9 38.0 

Note: - = All animals dead. 
ITT= Not talcen. 
0.1 replicate 5 not stocked. 
0.8 replicate 2 lost due to lab error. 



Concentration Day 0 
(%) Rep pH DO NHJ °C Sal 

Control I 
2 

3 
4 
5 

0.05 I 
2 

3 
4 

5 

8.02 6.2 0.02 14.0 32.0 

7.89 6.1 0.32 14.0 32.0 

APPENDIX TABLE 2 (Cont'd) 

Cilharichlhys stigmatus 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

HSW-2 

Day I Day 2 Day3 
pH DO NHJ °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal 

8.08 
8.11 
8.10 
8.10 
8.10 

7.98 
8.03 
8.01 
8.02 
8.01 

5.5 0.01 13.2 31.5 
5.8 13.7 31.0 
6.0 13.8 30.9 
6.0 13.2 31.6 
6.0 13.3 31.7 

6.0 13.5 36.2 
6.2 0.17 14.5 34.0 
6.0 13.6 33.7 
6.0 13.3 34.5 
6.0 13.3 34.5 

8.02 
8.13 
8.12 
8.13 
8.12 

8.02 
8.11 
8.05 
8.04 
8.04 

5.5 13.8 32.9 
5.6 0.12 14.2 31.7 
5.7 14.2 31.8 
5.7 13.6 33.1 
5.6 13.9 33.3 

5.6 13.9 41.1 
5.6 0.12 15.0 35.4 
5.7 14.1 34.9 
5.8 13.7 36.9 
5.6 13.8 36.5 

8.03 
8.12 
8.11 
8.11 
8.12 

8.02 
8.13 
8.10 
8.07 
8.05 

6.0 14.0 35.0 
6.0 14.3 33.0 
6.0 14.4 32.0 
6.0 <0.10 13.9 35.0 
6.0 14.0 34.0 

6.4 14.0 38.0 
6.4 15.2 38.0 
6.3 14.4 36.0 
6.3 <0.10 13.9 38.0 
6.3 14.0 38.0 

Day4 
pH DO NHJ °C Sal 

8.06 
8.13 
8.12 
8.13 
8.13 

8.03 
8.15 
8.10 
8.06 
8.06 

6.1 
6.1 
5.8 
5.6 
5.8 

5.2 
5.6 
5.6 
5.6 
5.6 

O.D2 14.4 36.0 
15.0 33.0 
15.2 33.0 
14.6 36.0 
14.7 37.0 

0.13 14.4 40.0 
15.2 40.0 
14.2 37.0 
14.0 40.0 
14.0 40.0 

0.1 7.96 6.0 0.56 14.0 32.2 8.02 6.1 13.3 35.0 8.03 5.4 13.7 37.8 8.04 6.2 13.9 40.0 8.06 5.8 0.12 13.9 40.0 

0.2 

2 
3 

4 

5 

2 
3 
4 

5 

7.87 6.1 1.32 14.0 32.0 

8.03 
8.02 
8.02 
8.04 

8.03 
8.02 
8.03 
8.01 
8.02 

6.1 0.24 14.2 33.6 
6.0 13.8 34.2 
5.9 14.3 33.5 
6.1 13.2 33.6 

6.0 13.2 33.5 
6.0 0.53 13.2 33.6 
6.0 13.5 33.5 
6.0 13.5 33.7 
6.0 13.8 33.8 

8.09 
8.05 
8.07 
8.07 

8.11 
8.10 
8.10 
8.09 
8.10 

5.5 0.13 14.9 34.5 
5.7 14.2 36.1 
5.5 14.9 34.2 
5.6 14.8 34.4 

5.6 13.9 34.3 
5.7 0.20 13.9 34.6 
5.8 14.I 34.1 
5.8 14.0 34.8 
5.7 14.2 34.8 

8.11 
8.06 
8.09 
8.11 

8.12 
8.12 
8.13 
8.12 
8.04 

6.3 14.9 35.0 
6.3 14.4 38.0 
6.3 <0.10 15.0 35.0 
6.3 14.0 35.0 

6.3 
6.3 
6.3 
6.3 
6.3 

14.1 35.0 
14.1 35.0 
14.3 35.0 

0.22 14.3 36.0 
14.3 35.0 

8.13 
8.08 
8.11 
8.13 

8.15 
8.14 
8.15 
8.14 
8.15 

5.8 
5.8 
5.8 
5.8 

5.8 
5.8 
5.8 
5.8 
5.8 

14.6 36.0 
14.3 40.0 
14.7 36.0 
13.9 36.0 

0.20 13.8 36.0 
13.7 37.0 
13.9 36.0 
13.9 37.0 
14.2 36.0 

0.4 I 7.66 6.0 3.00 14.0 32.1 7.95 5.8 13.2 35.1 7.99 5.4 13.8 38.2 8.08 6.3 13.9 41.0 8.05 5.8 0.30 13.7 40.0 
2 

3 

4 

5 

0.8 I 
2 

3 
4 

5 

1.5 2 

3 

4 

5 

3.0 I 
2 
3 
4 

5 

7.35 6.0 6.34 14.0 32.0 

7.00 5.9 14.6 14.0 32.0 

6.81 5.7 28.5 14.0 32.0 

7.97 5.8 0.86 13.2 34.5 8.06 5.3 0.32 13.9 36.3 8.10 6.3 14.1 38.0 8.08 5.8 13.7 41.0 
7 .99 6.0 14.5 33.7 
7.99 5.9 
7.99 5.9 

14.4 33.5 7.89 5.1 
14.4 33.6 8.04 5.4 

7.88 
7.93 
7.91 
7.93 

5.4 13.5 35.2 
5.7 1.95 14.1 33.7 
5.7 13.9 33.7 
5.7 13.9 33.7 

7.92 5.8 14.2 33.9 

7.S4 
7.80 
7.85 
7.85 

7.89 
7.86 

5.5 14.1 33.5 
5.4 4.23 14.2 33.2 
5.4 13.9 33.5 
5.4 13.9 33.4 

5.7 13.9 33.5 
5.9 9.65 13.8 33.5 

7.88 5.9 
7.81 5.8 
7.81 5.8 

13.6 33.3 
13.0 34.0 
12.9 34.1 

15.0 34.I 
14.8 34.5 8.13 6.3 0.23 14.9 35.0 8.15 5.8 15.2 36.0 

Min 6.81 5.7 0.02 14.0 32.0 7.80 5.4 0.17 12.9 30.9 7.89 5.1 0.12 13.6 31.7 8.02 6.0 <0.10 13.9 32.0 8.03 5.2 0.12 13.7 33.0 
Max 8.02 6.2 28.50 14.0 32.2 8.11 6.2 9.65 14.5 36.2 8.13 5.8 0.32 15.0 41.1 8.13 6.4 0.23 15.2 41.0 8.15 6.1 0.30 15.2 41.0 

Note: - = All animals dead. 



APPENDIX TABLE 3 

Citharichthys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 10 10 JO 10 10 100 
2 10 10 10 10 10 100 
3 10 JO 10 IO 10 100 
4 JO JO 10 IO 10 100 
5 10 IO IO 10 10 100 100.0 

0.05 1 JO 10 10 IO 10 JOO 
2 10 10 9 9 9 90 
3 10 10 JO 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 IO 10 100 98.0 

0.1 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 9 90 
4 10 10 10 10 10 100 97.5 

0.2 1 10 10 IO IO 10 100 
2 10 IO IO 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 9 9 90 98.0 

0.4 1 10 10 IO 10 10 100 
2 10 7 6 6 6 60 
3 IO 10 8 8 8 80 
4 10 9 9 9 9 90 
5 IO 10 9 9 9 90 84.0 

0.8 1 10 5 3 3 IO 
3 10 IO 9 9 9 90 
4 10 9 I 0 0 
5 10 5 5 3 3 30 32.5 

1.5 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 IO 0 0 0.0 

30 1 IO 0 0 
2 10 0 0 
3 10 0 0 
4 IO 0 0 
5 IO 0 0 0.0 

Notes: - = All animals dead. 



APPENDIX TABLE 3 (Cont'd) 

Citharichthys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 IO 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 IO 10 100 
5 10 IO IO IO IO 100 100.0 

0.05 l IO 10 10 10 9 90 
2 IO 10 10 10 9 90 
3 10 10 IO 10 10 100 
4 10 10 IO 10 9 90 
5 10 10 10 IO IO 100 94.0 

0.1 1 IO 10 10 9 9 90 
2 10 10 10 10 10 100 
3 10 IO 10 10 10 100 
4 10 10 10 10 10 JOO 
5 10 10 IO 10 10 100 98.0 

0.2 1 10 10 10 10 10 100 
2 10 10 IO IO 10 100 
3 10 10 10 10 10 100 
4 10 10 9 9 9 90 
5 10 10 9 9 9 90 96.0 

0.4 1 10 4 3 2 2 20 
2 10 4 3 3 2 20 
3 10 0 0 
4 10 3 0 0 
5 10 3 3 3 3 30 14.0 

0.8 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

1.5 2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

3 1 10 0 0 
2 IO 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 



APPENDIX TABLE 4 

Citharichthys stigmaeus 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 
(mg/L) Rep pH DO ac Sal pH DO ac Sal 

Control 1 8.02 5.8 15.9 32 7.20 5.7 15.2 31 
2 7.31 5.0 15. l 31 
3 7.31 4.7 15.l 31 

1.6 1 8.03 5.8 15.9 32 7.49 4.7 15.1 31 
2 7.52 4.2 15. l 31 
3 7.51 4.1 15.2 31 

3.1 1 8.03 5.8 15.9 32 7.49 4.0 15.l 31 
2 7.43 4.0 15.2 30 
3 7.51 3.9 15.1 31 

6.25 1 8.03 5.8 15.9 32 7.49 4.1 15.1 31 
2 7.48 4.1 15. l 30 
3 7.47 4.0 15.1 31 

12.5 1 8.04 5.8 15.9 32 7.40 3.9 15.1 31 
2 7.44 3.7 15. l 31 
3 7.51 3.7 15.1 31 

25 1 8.03 5.7 15.9 32 7.44 3.0 15.1 31 
2 7.42 3.1 15.1 31 
3 7.36 3.2 15.0 31 

Min 8.02 5.7 15.9 32 7.20 3.0 15.0 30 
Max 8.04 5.8 15.9 32 7.52 5.7 15.2 31 



APPENDIX TABLE 5 

Citharichthys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TO XI CANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Day 1 Survival Survival 

Control 1 5 4 80 
2 5 5 100 
3 5 5 100 93.3 

1.6 1 5 2 40 
2 5 5 100 
3 5 5 100 80.0 

3.1 1 5 5 100 
2 5 5 100 
3 5 5 100 100.0 

6.25 1 5 0 0 
2 5 0 0 
3 5 0 0 0.0 

12.5 1 5 0 0 
2 5 0 0 
3 5 0 0 0.0 

25 1 5 0 0 
2 5 0 0 
3 5 0 0 0.0 



Concentration Day 0 
(%) Rep pH DO NH3 °C Sal 

Control 
2 

3 

4 
5 

8.06 5.4 18.0 32.0 

APPENDIX TABLE 6 

Mysidopsis bahia 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-1 

Day I Day2 Day 3 
pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal 

8.14 
8.13 
8.16 
8.16 
8.15 

5.2 <0.01 19.6 32.0 
5.2 19.9 32.0 
5.1 19.7 32.0 
5.2 19.7 32.0 
5.2 19.7 32.0 

8.11 
8.08 
8.12 
8.12 
8.11 

5.1 
5.2 
5.4 
5.4 
5.5 

19.8 33.0 
20.1 33.0 
20.2 33.6 
20.2 33.3 
20.2 33.1 

8.11 
8.07 
8.11 
8.14 
8.11 

4.6 <0.10 21.7 33.9 
4.6 21.6 33.6 
4.5 21.6 34.7 
4.5 21.6 33.9 
4.5 21.5 34.0 

Day4 
pH DO NH3 °C Sal 

8.08 
8.07 
8.09 
8.12 
8.10 

4.9 <0.10 21.1 34.1 
5.1 21.1 34.1 
5.1 21.1 34.0 
5.0 21.0 33.8 
4.9 21.0 34.1 

0.05 8.08 5.4 0.13 18.0 32.0 8.14 5.2 0.12 19.8 32.0 8.13 5.4 0.14 20.l 33.6 8.13 4.5 0.13 21.7 34.8 8.12 5.0 0.13 20.9 34.1 

0.1 

0.2 

0.4 

0.8 

1.6 

Min 
Max 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 

4 
5 

2 
3 

4 

5 

2 
3 

4 
5 

2 

3 

4 

5 

8.06 5.4 0.25 18.0 32.0 

8.04 5.2 0.61 18.0 32.0 

8.02 5.2 1.17 18.0 32.0 

7.92 5.3 3.62 19.9 32.0 

7.88 5.2 7.14 20.2 32.0 

8.15 5.2 19.8 32.0 8.14 5.6 20.2 32.7 8.15 4.4 21.6 33.6 8.13 5.0 21.1 34.1 
8.13 5.2 
8.10 5.0 
8.04 5.1 

19.6 32.0 8.11 5.6 20.2 32.8 8.13 4.5 

8.02 
7.92 
7.99 
8.00 
8.02 

7.91 
7.75 
7.58 
7.76 

19.6 32.0 8.11 5.6 20.1 32.3 8.12 4.5 
19.5 32.0 8.08 5.5 20.1 32.4 8.06 4.5 

5.0 0.19 19.6 32.0 
5.0 19.6 32.0 
4.9 19.5 32.0 
5.0 19.4 32.0 
5.0 19.3 32.0 

5.0 0.38 19.6 32.0 
4.4 19.1 32.0 
3.8 19.0 32.0 
4.2 18.9 32.0 

8.09 
8.03 
8.10 
8.10 
8.10 

8.11 
8.07 
8.04 
8.06 

5.4 0.29 20.2 33.1 
5.4 20.1 33.1 
5.3 19.9 330 
5.3 19.9 33.3 
5.3 19.9 33.5 

5.4 0.38 20.0 32.6 
5.4 19.6 36.0 
5.5 19.5 35.2 
5.5 19.6 35.6 

8.06 
8.02 
8.13 
8.10 
8.16 

8.14 
8.05 
8.04 
8.05 

4.6 
4.4 
4.4 
4.5 
4.6 

4.8 
4.6 
4.5 
4.5 

7.81 4.4 19 .0 32.0 8.07 5.4 19.5 35.0 8.11 4.5 

7.83 
7.87 
7.73 
7.79 
7.91 

7.62 
7.70 

4.2 0.71 19.5 32.0 
4.6 19.5 32.0 
3.8 19.5 32.0 
4.8 19.4 32.0 
4.4 19.4 32.0 

3.8 1.52 19.5 32.0 
3.4 19.5 32.0 

8.16 
8.18 
8.19 
8.17 
8.19 

8.22 
8.21 

5.4 0.74 19.9 32.9 
5.4 19.9 32.9 
5.2 19.9 33.0 
5.1 19.9 32.9 
5.1 19.9 33.0 

5.3 1.38 19.9 33.2 
5.2 19.9 32.4 

8.20 
8.20 
8.20 
8.15 
8.20 

8.23 
8.21 

4.6 
4.6 
4.6 
4.5 
4.5 

4.6 
4.5 

7.61 3.4 
7.82 3.8 
7.59 3.0 

19.4 32.0 8.19 5.1 19.9 33.2 8.19 4.4 
19.4 32.0 8.22 5.0 19.9 32.9 8.23 4.4 
19.4 32.0 8.24 5.0 19.9 33.0 8.23 4.4 

21.6 33.6 8.14 5.1 
21.4 32.8 8.12 5.1 
21.3 33.3 8.10 5.0 

0.23 21.7 33.9 
21.5 34.1 
21.3 35.0 
21.2 34.7 
21.1 35.4 

0.41 21.5 34.2 
20.9 41.1 
20.7 38.7 
20.9 38.3 

8.12 
8.10 
8.13 
8.10 
8.09 

8.18 
8.21 
8.20 
8.17 

5.0 
5.1 
4.9 
5.0 
5.0 

4.9 
5.0 
5.0 
5.1 

20.9 35.9 8.17 5.1 

0.82 21.4 34.0 
21.0 33.7 
21.2 33.8 
21.2 33.5 
21.0 33.6 

1.42 21.3 33.9 
21.2 33.5 

8.21 
8.18 
8.19 
8.21 
8.21 

8.22 
8.22 

5.1 
5.2 
5.1 
5.1 
5.1 

5.1 
5.0 

21.1 34.0 8.21 5.0 
21.2 34.0 8.27 5.1 
21.2 34.0 8.24 5.0 

21.1 34.3 
20.0 34.2 
20.0 34.0 

0.24 21.0 35.1 
21.0 35.0 
20.9 35.1 
20.9 35.1 
20.9 35.7 

0.52 21.0 34.8 
21.0 41.2 
21.1 38.7 
21.0 38.9 
21.0 36.2 

1.09 20.9 34.8 
20.9 34.0 
20.9 33.9 
20.8 33.9 
20.8 33.9 

1.53 21.0 34.1 
21.1 34.2 
21.0 34.7 
21.0 34.7 
21.0 34.2 

7.61 
7.67 

1.4 3.27 19.6 32.0 
1.8 19.4 32.0 

8.25 5.2 3.45 20.1 32.7 
8.25 5.1 19.9 32.9 

8.23 4.6 3.27 21.3 33.8 
8.22 4.5 21.1 33.7 

8.28 4.9 3.12 21.1 34.1 
8.24 4.9 21.1 34.2 

7.68 1.8 
7.51 0.4 
7.70 2.4 

18.6 32.0 8.15 5.0 
19.1 32.0 8.24 5.0 
18.9 32.0 8.19 5.0 

19.5 34.4 
19.6 32.4 
19.4 36.1 8.12 4.5 20.6 40.8 8.31 5.0 20.9 33.9 

7.88 5.2 0.13 18.0 32.0 7.51 0.4 <0.01 18.6 32.0 8.03 5.0 0.14 19.4 32.3 8.02 4.4 <0.10 20.6 32.8 8.07 4.9 <O. IO 20.0 33.8 
8.31 5.2 3.12 21.1 41.2 8.08 5.4 7.14 20.2 32.0 8.16 5.2 3.27 19.9 32.0 8.25 5.6 3.45 20.2 36.1 8.23 4.8 3.27 21.7 41.1 

Note: - = All animals dead. 



APPENDIX TABLE 6 (Cont'd) 

Mysidopsis bahia 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-2 

Concentration Day 0 Day I Day 2 Day 3 Day4 

(%) Ree eH DO NH3 oc Sal eH DO NH3 oc Sal eH DO NH3 oc Sal eH DO NH3 oc Sal eH DO NH3 oc Sal 

Control I 8.06 5.4 18.0 32.0 8.14 5.2 <0.01 19.6 32.0 8.11 5.1 19.8 33.0 8.11 4.6 <0.10 21.7 33.9 8.08 4.9 <0.10 21.1 34.1 
2 8.13 5.2 19.9 32.0 8.08 5.2 20.1 33.0 8.07 4.6 21.6 33.6 8.07 5.1 21.1 34.1 

3 8.16 5.1 19.7 32.0 8.12 5.4 20.2 33.6 8.11 4.5 21.6 34.7 8.09 5.1 21.1 34.0 
4 8.16 5.2 19.7 32.0 8.12 5.4 20.2 33.3 8.14 4.5 21.6 33.9 8.12 5.0 21.0 33.8 
5 8.15 5.2 19.7 32.0 8.11 5.5 20.2 33.1 8.11 4.5 21.5 34.0 8.10 4.9 21.0 34.1 

0.05 8.04 5.2 0.13 19.9 32.0 8.00 5.0 0.11 19.2 32.0 8.11 4.9 0.12 19.9 32.7 8.12 4.6 0.12 21.1 33.6 8.18 5.0 0.11 21.0 34.1 
2 7.97 4.8 19.1 32.0 8.09 4.9 19.6 33.0 8.08 4.5 20.9 33.7 8.19 5.1 21.1 34.2 

3 7.96 4.8 18.9 32.0 8.07 4.8 19.4 34.0 8.06 4.4 20.6 34.7 8.22 5.1 21.1 34.1 
4 7.96 4.8 18.6 32.0 8.08 4.8 19.2 34.2 8.05 4.4 20.4 35.8 8.21 5.1 21.1 34.1 
5 8.03 4.9 18.6 32.0 8.09 4.8 19.3 34.4 8.04 4.5 20.4 36.6 8.19 5.0 21.0 34.2 

0.1 I 8.05 5.2 0.25 19.6 32.0 8.00 5.0 0.18 19.1 32.0 8.12 4.9 0.16 19.6 34.7 8.15 4.4 0.17 20.9 36.0 8.19 5.0 0.17 21.0 36.3 
2 7.97 5.0 19.1 32.0 8.15 5.0 19.6 34.6 8.15 4.5 20.7 33.7 8.20 5.0 21.1 36.4 
3 8.01 5.0 18.9 32.0 8.15 4.9 19.4 35.4 8.15 4.6 20.5 34.7 8.16 5.0 21.1 34.7 
4 7.97 4.9 18.8 32.0 8.15 4.9 19.4 35.2 8.14 4.4 20.3 36.0 8.17 5.0 21.1 35.2 
5 8.07 4.9 18.7 32.0 8.17 5.0 19.3 34.6 8.18 4.4 20.2 39.0 8.19 5.0 21.1 39.7 

0.2 I 7.96 5.2 0.61 20.1 32.0 7.74 4.4 0.57 19.0 32.0 8.16 5.0 0.30 18.7 31.8 8.14 4.4 0.32 19.4 32.5 8.21 5.0 0.39 21.1 33.4 
2 7.78 4.6 19.1 32.0 8.15 4.9 18.7 32.5 8.13 4.5 19.4 32.8 8.09 5.1 21.0 34.2 
3 7.81 4.5 18.9 32.0 8.14 5.0 18.6 32.4 8.15 4.4 19.2 32.9 8.21 4.9 21.0 34.1 
4 7.85 4.6 18.8 32.0 8.16 5.0 18.4 32.4 8.16 4.4 19.1 33.7 8.23 4.9 21.0 34.1 
5 7.81 4.6 18.6 32.0 8.15 5.0 18.4 33.7 8.15 4.5 19.1 35.1 8.16 5.1 21.1 34.2 

0.4 I 7.92 5.2 1.17 20.2 32.0 7.76 3.6 1.08 19.1 31.0 8.15 5.0 1.10 18.9 31.5 8.19 4.6 1.20 19.5 32.4 8.23 5.1 1.16 21.1 33.7 
2 7.75 3.6 19.1 32.0 8.16 5.0 18.6 33.9 8.14 4.5 19.5 35.9 8.18 5.1 21.1 36.2 
3 7.59 1.8 18.7 32.0 8.14 5.0 18.4 34.1 8.10 4.4 19.2 36.5 8.19 5.1 21.1 37.0 
4 7.73 3.4 18.6 32.0 8.16 5.0 18.4 33.7 8.14 4.3 19.2 35.1 8.19 5.0 21.1 36.1 
5 7.80 3.6 18.6 32.0 8.16 5.0 18.5 33.8 8.16 4.3 19.2 35.6 8.22 5.0 21.1 36.1 

0.8 I 7.79 5.2 3.62 20.2 32.0 7.52 1.2 2.17 19.0 32.0 
2 7.61 1.8 19.0 32.0 
3 7.54 2.2 18.9 32.0 
4 7.71 2.2 18.9 32.0 
5 7.66 2.6 18.9 32.0 

1.6 7.67 5.0 7.14 20.0 32.0 7.58 2.8 4.43 19.0 32.0 
2 7.39 2.6 18.9 32.0 
3 7.46 1.4 18.9 32.0 
4 7.38 1.6 18.9 32.0 
5 7.49 1.6 18.9 32.0 

Min 7.67 5.0 0.13 18.0 32.0 7.38 1.2 <0.01 18.6 31.0 8.07 4.8 0.12 18.4 31.5 8.04 4.3 <0.10 19.1 32.4 8.07 4.9 <0.10 21.0 33.4 
Max 8.06 5.4 7.14 20.2 32.0 8.16 5.2 4.43 19.9 32.0 8.17 5.5 1.10 20.2 35.4 8.19 4.6 1.20 21.7 39.0 8.23 5.1 1.16 21.1 39.7 

Nole: - = All animals dead. 



APPENDIX TABLE 7 

Mysidopsis bahia 

SURVIVAL DAT A FOR EFFLUENT TEST 

HSW-1 

Average 

Concentration Initial % % 

(%) Rep Added Day I Day2 Day3 Day4 Survival Survival 

Control I JO 10 10 9 10 100 

2 IO 10 10 JO 9 90 

3 10 10 10 9 9 90 

4 10 10 10 10 9 90 

5 10 10 10 10 9 90 92.0 

0.05 1 10 9 9 9 9 90 

2 10 10 10 9 8 80 

3 10 10 8 8 7 70 

4 10 9 7 7 6 60 

5 10 10 9 8 9 90 78.0 

0.1 1 10 6 5 2 6 60 

2 10 IO 9 5 8 80 

3 JO 8 8 7 6 60 

4 10 8 6 7 8 80 

5 IO 9 8 8 6 60 68.0 

0.2 1 10 9 8 4 7 70 

2 10 8 7 5 7 70 
3 10 9 7 7 8 80 

4 10 9 8 7 8 80 

5 10 10 9 8 8 80 76.0 

0.4 1 10 8 7 5 6 60 

2 10 8 7 6 6 60 

3 10 8 8 6 6 60 

4 10 8 7 7 8 80 

5 10 10 9 8 7 70 66.0 

0.8 1 10 5 * * 3 30 

2 10 4 "' * 3 30 

3 10 6 * ... 3 30 
4 10 4 "' "' 3 30 

5 10 3 "' "' 0 0 24.0 

1.6 1 10 3 "' "' 0 0 
2 10 2 "' "' 0 0 

3 10 0 0 
4 10 0 0 

5 10 "' "' 0 0 0.0 

Notes: - = All animals dead. 

"' Sample too turbid to do counts. 



APPENDIX TABLE 7 (Cont'd) 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 
(%) Rep Added Day 1 Day 2 Day3 Day4 Survival Survival 

Control 1 10 10 10 9 10 100 
2 10 10 10 10 9 90 
3 10 10 10 9 9 90 
4 10 10 10 10 9 90 
5 10 10 10 10 9 90 92.0 

0.05 1 10 10 10 10 9 90 
2 10 9 9 8 6 60 
3 10 10 9 8 7 70 
4 10 8 8 8 5 50 
5 10 9 8 8 6 60 66.0 

0.1 1 10 7 7 7 6 60 
2 10 8 7 5 4 40 
3 10 7 6 4 7 70 
4 10 8 7 4 4 40 
5 10 7 7 6 3 30 48.0 

0.2 1 10 6 4 2 2 20 
2 10 5 5 4 2 20 
3 10 6 6 3 5 50 
4 10 6 6 4 6 60 
5 10 5 4 2 4 40 38.0 

0.4 1 10 5 * * 1 10 
2 10 3 * * 2 20 
3 10 4 * * 1 10 
4 10 3 * * 0 0 
5 10 3 * * 0 0 8.0 

0.8 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

1.6 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 
"' Sample too turbid to do counts. 



APPENDIX TABLE 8 

Mysidopsis bahia 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 Day2 Day3 Day4 
(mg/L) Rep pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal 

Control 1 8.03 5.6 20.9 32.0 8.00 4.8 21.2 32.0 7.67 5.4 21.6 33.0 7.90 3.8 21.6 33.9 7.93 4.1 21.1 34.0 
2 8.02 4.8 21.2 32.0 7.72 5.4 21.5 33.0 7.91 3.7 21.6 30.9 7.94 4.0 21.1 34.l 
3 8.03 4,8 21.3 32.0 7.70 5.3 21.6 33.0 7.90 3.8 21.8 33.8 7.94 4.0 21.l 34.2 

1.25 1 8.04 5.4 20.9 32.0 8.00 4.8 21.3 32.0 7.58 5.2 21.6 33.0 7.90 3.6 21.8 33.8 7.94 4.0 20.9 34.1 
2 8.02 4.8 21.2 32.0 7.54 5.1 21.6 33.0 7.93 3.5 21.8 33.7 7.93 4.0 21.0 34.3 
3 8.03 4.8 21.2 32.0 7.38 5.1 21.6 33.0 7.95 3.5 21.7 33.8 7.95 3.9 21.0 34.7 

2.5 1 8.04 5.4 20.9 32.0 8.01 4.8 21.3 32.0 7.62 5.1 21.6 33.0 7.96 3.6 21.8 33.8 7.99 3.9 20.9 34.1 
2 8.02 4.8 21.1 32.0 7.42 5.1 21.6 33.0 7.93 3.6 21.8 33.6 7.92 3.8 20.9 34.0 
3 8.02 4.6 21.1 32.0 7.47 5.0 21.6 33.0 7.93 3.6 21.7 33.9 7.91 3.8 21.0 33.9 

5 1 8.04 5.4 21.1 32.0 8.00 4.8 21.1 32.0 7.32 4.7 21.6 33.0 7.98 3.7 21.8 33.1 7.92 3.8 21.0 33.8 
2 8.00 4.7 21.1 32.0 7.38 4.8 21.6 33.0 7.92 3.5 21.8 33.0 7.92 3.9 21.0 33.7 
3 7.98 4.7 21.1 32.0 7.31 4.6 21.5 33.0 7.92 3.5 21.8 33.9 7.91 3.9 21.0 33.9 

10 1 8.03 5.4 21.2 32.0 7.91 4.6 21.2 32.0 7.30 4.1 21.5 33.0 7.86 3.6 21.9 33.7 7.89 3.9 20.9 34.0 
2 7.91 4.5 21.2 32.0 7.31 4.2 21.5 33.0 7.88 3.6 21.9 33.8 7.89 3.9 20.9 33.9 
3 7.91 4.3 21.2 32.0 7.31 4.2 21.6 33.0 7.87 3.6 22.0 33.6 7.91 3.9 21.0 34.I 

20 1 8.02 5.3 20.8 32.0 7.85 4.4 20.9 32.0 7.20 4.0 21.6 33.0 7.78 3.7 21.8 33.4 7.90 3.9 210 33.9 
2 7.85 4.4 20.9 32.0 7.21 4.0 21.6 33.0 7.75 3.8 21.8 33.4 7.88 3.8 21.0 33.4 
3 7.86 4.2 20.9 32.0 7.21 4.0 21.5 33.0 7.78 3.8 21.8 33.2 7.88 3.9 21.0 33.9 

Min 8.02 5.3 20.8 32.0 7.85 4.2 20.9 32.0 7.20 4.0 21.5 33.0 7.75 3.5 21.6 30.9 7.88 3.8 20.9 33.4 
Max 8.04 5.6 21.2 32.0 8.03 4.8 21.3 32.0 7.72 5.4 21.6 33.0 7.98 3.8 22.0 33.9 7.99 4.1 21.1 34.7 



APPENDIX TABLE 9 

Mysidopsis bahia 

SURVIVAL DAT A FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 

Concentration Initial % % 

(mg/L) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 10 IO IO 9 9 90 

2 10 IO 10 10 9 90 

3 10 10 10 9 9 90 90.0 

1.25 1 10 9 9 8 7 70 

2 10 IO 9 6 6 60 

3 10 9 8 8 8 80 70.0 

2.5 1 10 9 8 6 5 50 

2 10 10 8 6 6 60 

3 IO 10 8 6 6 60 56.7 

5 1 10 11 9 5 5 50 

2 10 9 7 5 4 40 

3 10 10 9 7 5 50 46.7 

10 1 10 10 9 7 5 50 

2 10 9 9 4 4 40 

3 10 9 7 5 5 50 46.7 

20 1 10 7 5 3 2 20 

2 IO 10 8 7 5 50 

3 10 10 8 5 4 40 36.7 



APPENDIX TABLE 10 

Strongylocentrotus purpuratus 
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 

Test Dates: 4n-4/ll/94 

Cone en !ration Day0 Day l Day2 Day 3 Day4 
Site (%) oc DO pH Sal . oc DO pH Sal •c DO pH Sal oc DO pH Sal oc DO pH Sal 

Control 16,3 8,0 7.49 26 15.1 8,7 7.77 27 16.2 8.4 7.87 26 15.4 8,4 7.79 26 15.7 8,2 7.89 27 

HSW-1 0.08 16,0 8.1 7.42 26 14.5 8.6 7.62 27 15.6 8.4 7,86 26 15.6 7,7 7.84 26 15.9 8.1 7.88 26 
0.15 16.0 8,0 7.43 27 14,5 6.6 7.51 27 15.5 7.4 7.80 27 15.6 6.5 7.80 27 15.7 8.1 7.85 27 

0.3 162 8,0 7,83 29 14.5 4.5 7.54 29 15.7 2.2 7.59 28 15.5 3,0 7.47 28 15.8 7.8 7.65 29 
0.6 16.2 8.0 7.51 26 14.5 4.1 7.51 27 15.9 2.3 7.56 26 15.6 2.7 7.49 26 15.7 7.4 7.93 27 
1.2 16.4 8.0 7.62 26 14,5 1.5 7.10 29 15.6 1.3 7.46 28 15.7 1.7 7.51 27 IS.I 7.4 7.97 29 

HSW-2 0.08 16.2 8,0 7.33 26 14.5 1.2 7.41 27 15.3 7.7 7.93 27 15.6 7.9 780 27 15.2 7.6 7.95 27 
0.15 16.4 8.0 7.34 27 14.5 1.6 7.42 27 15.S 7.7 7.96 27 JS.7 7.3 7.77 27 15.0 7.8 7.95 27 

0.3 16.4 8.0 7.21 27 14.5 1.3 7.45 27 15.6 7.8 7.82 27 15.6 6,9 7.79 27 15.0 7.8 7.97 27 
0.6 16.0 8.0 7.21 26 15.7 1.3 7.42 27 16.2 3.0 7.52 27 15.7 2.7 7.47 27 16,2 6.6 7.71 27 
1.2 16.2 7,9 6.87 26 15.7 1.3 7.10 27 16.1 1.4 7.42 27 15.7 1.7 7.38 27 16.2 6.4 7.63 27 

Min 16.0 7.9 6.87 26 14.5 1.2 7.10 27 15.3 1.3 7.42 26 15.4 1.7 7.38 26 15.0 6.4 7.63 26 
Max 16.4 8.1 7.83 29 15.7 8.7 7,77 29 16.2 8.4 7.96 28 15.7 8.4 7.84 28 16.2 8,2 7.97 29 



Concentration 

%) 
Initial Counts 

Final Control 

HSW-1 

0.08 

0.15 

0.3 

0.6 

1.2 

APPENDIX TABLE 11 

Strongylocentrotus purpuratus 

SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE 

EFFLUENT TEST 

Total Total 

Reo N l onna Abnonn 

I 156 

2 136 

3 141 

4 168 

5 137 

Mean 

I 95 14 

2 59 4 

3 109 7 

4 94 I 

5 90 2 

Mean 

l 45 32 

2 63 53 

3 66 43 

4 76 38 

5 78 40 

Mean 

l 0 79 

2 0 48 

3 0 44 

4 0 89 

5 0 99 

Mean 

I 0 50 

2 0 53 

3 0 57 

4 0 84 

5 0 58 

Mean 

1 0 66 

2 0 85 

3 0 74 

4 0 112 

5 0 57 

Mean 

I 0 106 

2 0 115 

3 0 92 

4 0 60 

5 0 114 

Mean 

Test Dates: 4n-4/ll/94 

Total 

al L e/mL arva % S • l urVJva 

31.2 

27.2 

28.2 

33.6 

27.4 

29.5 

21.8 
12.6 

23.2 

19.0 

18.4 

19.0 64.4 

15.4 

23.2 

21.8 

22.8 

23.6 

21.4 72.4 

15.8 

9.6 

8.8 

17.8 

19.8 

14.4 48.7 

10.0 

10.6 

11.4 

16.8 

11.6 

12.1 40.9 

13.2 

17.0 

14.8 

22.4 

11.4 

15.8 53.4 

21.2 

23.0 

18.4 

12.0 

22.8 

19.5 66.0 

% Abnonna 

12.8 

6.3 

6.0 

1.1 

2.2 

5.7 

41.6 

45.7 

39.4 

33.3 

33.9 

38.8 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

l00.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Treatment 

Mortality 

(o/c) C 

NA 

0.0 

24.4 

36.4 

17.l 

100.0 



Concentration 

APPENDIX TABLE 11 (Cont'd) 

Strongylocentrotus purpuratus 

SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE 

EFFLUENT TEST 

Test Dates: 4n-4/ll/94 

Total Total Total 

(o/,) R 0 ep N 1 orma Ab al norm La e/mL rva (} urnva 0 o/, S . l o/, Ab norma 

Treatment 

Mortality 
(o/,) 0 

HSW-2 

0.08 1 0 63 12.6 100.0 

2 0 61 12.2 100.0 

3 0 39 7.8 100.0 

4 0 36 7.2 100.0 

5 0 58 11.6 100.0 

Mean 10.3 34.8 100.0 45.9 

0.15 1 0 101 20.2 100.0 

2 0 112 22.4 100.0 

3 0 129 25.8 100.0 

4 0 122 24.4 100.0 

5 0 130 26.0 )00.0 

Mean 23.8 80.5 100.0 0.0 

0.3 l 0 89 17.8 100.0 

2 0 128 25.6 100.0 

3 0 119 23.8 100.0 

4 0 119 23.8 100.0 

5 0 91 18.2 100.0 

Mean 21.8 74.0 100.0 0.0 

0.6 l 0 116 23.2 100.0 

2 0 119 23.8 100.0 

3 0 113 22.6 100.0 

4 0 79 15.8 100.0 

5 0 104 208 100.0 

Mean 21.2 72.0 100.0 0.0 

1.2 1 0 76 15.2 100.0 
2 0 87 17.4 100.0 

3 0 92 18.4 100.0 

4 0 88 17.6 100.0 

5 0 76 15.2 100.0 

Mean 16.8 56.8 100.0 11.8 



APPENDIX TABLE 12 

Strongylocentrotus purpuratus 
WATER QUALITY MEASUREMEr-.TS FOR THE REFERENCE TO XI CANT (COPPER) TEST 

Test Dates: 4n-4!11/94 

Concentration Day0 Day I Day2 Day 3 Day4 
(µg/L) "C DO pH Sal oc DO pH Sal cc DO pH Sal oc DO pH Sal oc DO pH Sal 

f 

0.1 15.6 8.9 7.88 29 14.3 NT NT NT 14.2 8.1 7.97 29 14.4 8.4 8.01 29 15.0 7.6 7.98 29 
0.32 15.8 8.9 7.90 29 143 NT NT NT 14.2 8.1 8.00 29 14.4 8.4 8.04 29 15.0 7.7 7.99 29 

1.8 15.8 8.9 7.92 29 14.4 NT NT NT 14.3 8.3 8.02 29 14.5 8.3 8.06 29 14.9 7.9 8.00 29 
18 15.8 9.1 7.80 28 14.3 NT NT NT 14.2 8.3 8.01 28 14.5 8.3 8.06 29 15.0 7.9 8.00 29 
56 15.8 9.1 7.86 26 14.4 NT NT NT 14.2 8.6 8.02 25 14.5 8.3 8.06 29 15.0 8.0 8.01 25 

Min 15.6 8.9 7.80 26 14.3 14.2 8.1 7.97 25 14.4 8.3 8.01 29 14.9 7.6 7.98 25 
Max 15,8 9.1 7.92 29 14.4 14.3 8.6 8.02 29 14.5 8.4 8.06 29 15.0 8.0 8.01 29 

Note: NT Not taken. 



Concentration 

(ue/L) 

Copper 

0.1 

0.32 

1.8 

18 

56 

APPENDIX TABLE 13 

Strongylocentrotus purpuratus 
SUMMARY OF SURVIVAL (\ND DEVELOPMENT FOR THE ECHINODERM LARVAE 

REFERENCE TOXICANT (Copper) TEST 

Total 

Reo Normal 

I 78 

2 86 
3 86 

Mean 

I 26 
2 33 

3 96 

Mean 

I 69 
2 60 

3 96 
Mean 

I 3 
2 0 

3 0 
Mean 

I 0 
2 0 

3 0 
Mean 

Test Dates: 4n-4/ll/94 

Total Total 

Abnormal Larvae/mL % Survival 

14 18.4 
19 21.0 
12 19.6 

19.7 66.7 

I 5.4 
I 6.8 

0 19.2 

10.5 35.5 

4 14.6 

2 12.4 

4 20.0 

15.7 53.1 

51 10.8 
31 6.2 
28 5.6 

7.5 25.5 

38 7.6 
24 4.8 

48 9.6 

7.3 24.9 

% Abnormal 

15.2 

18.1 
12.2 
15.2 

3.7 
2.9 

0.0 
2.2 

5.5 

3.2 

4.0 

4.2 

94.4 

100.0 
100.0 

98.1 

l00.0 
l00.0 

l00.0 

l00.0 

Treatment 

Mortality 
(%) 

0.0 

44.9 

17.5 

60.4 

61.4 



APPENDIX TABLE 14 

Mytilus edulis 

WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 
Test Dates: 4!7-4/9/94 

Concentration Day0 Day 1 Day2 

(%) Rep oc DO pH Sal oc oc DO pH Sal 

Control 16.3 8.0 7.49 26 14.8 16.0 7.2 7.79 26 

2 14.6 16.0 7.2 7.82 26 

3 14.5 16.0 7.5 7.82 26 

4 14.7 16.0 7.5 7.88 26 

5 14.8 16.0 7.6 7.96 26 

HSW-1 

0.08 16.0 8.1 7.42 26 14.5 16.0 7.6 7.68 26 

2 14.5 16.0 7.5 7.65 26 

3 14.4 16.1 7.3 7.67 26 

4 14.5 16.0 7.2 7.66 26 

5 14.5 16.1 7.1 7.66 26 

0.15 16.0 8.0 7.43 27 14.5 16.0 4.0 7.46 26 

2 14.4 16.0 4.0 7.40 26 

3 14.4 16.0 3.8 7.38 26 

4 14.4 16.0 3.8 7.38 26 

5 14.5 16.0 3.6 7.40 26 

0.3 16.2 8.0 7.83 29 14.4 16.0 2.0 7.44 28 

2 14.5 16.0 2.0 7.52 28 

3 14.5 16.0 1.8 7.54 28 

4 14.4 16.0 1.8 7.56 28 

5 14.5 16.0 1.5 7.55 28 

0.6 16.2 8.0 7.51 26 14.5 16.0 1.6 7.56 26 

2 14.5 16.0 1.7 7.58 26 

3 14.5 16.0 1.7 7.60 26 
4 14.6 16.1 2.1 7.61 26 

5 14.5 16.1 2.0 7.60 26 

1.2 16.4 8.0 7.62 26 14.4 16.0 4.2 7.62 26 
2 14.5 16.0 4.4 7.67 26 

3 14.5 16.0 4.3 7.64 26 

4 14.5 16.1 4.5 7.67 26 

5 14.5 16.1 4.6 7.83 26 

Min 16.0 8.0 7.42 26 14.4 16.0 1.5 7.38 26 

Max 16.4 8.1 7.83 29 14.8 16.1 7.6 7.96 28 



APPEKDIX TABLE 14 (Cont'd) 

Mytilus edu/is 

WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 
Test Dates: 47-4/9/94 

Concentration Day0 Day 1 Day2 

(%) Rep oc DO pH Sal oc oc DO pH Sal 

HSW-2 

0.08 16.2 8.0 7.33 26 14.5 16.0 7.4 7.93 26 

2 14.6 16.0 7.7 7.92 26 

3 14.5 16.0 7.5 7.95 26 

4 14.5 16.1 7.5 7.97 26 

5 14.5 16.1 7.6 7.98 27 

0.15 I 16.4 8.0 7.34 27 14.5 16.0 7.8 7.91 26 

2 14.5 16.0 8.0 7.94 26 

3 14.4 16.1 8.0 7.94 26 

4 14.5 16.1 7.9 7.86 26 

5 14.5 16.1 7.7 7.85 26 

0.3 16.4 8.0 7.21 27 14.5 16.0 7.7 7.83 26 

2 14.5 16.0 7.7 7.86 26 

3 14.5 16.0 7.7 7.77 26 

4 14.5 16.1 7.6 7.59 26 

5 14.5 16.l 7.2 7.62 26 

0.6 16.0 8.0 7.21 26 14.5 16.0 1.7 7.56 26 

2 14.6 16.1 1.7 7.53 26 

3 14.5 16.1 1.8 7.51 26 

4 14.6 16.1 1.8 7.51 26 

5 14.5 16.J 1.8 7.50 26 

1.2 I 16.2 7.9 6.87 26 14.5 16.0 2.0 7.47 26 

2 14.5 16.1 1.7 7.37 26 

3 14.5 16.1 1.6 7.39 26 
4 14.5 16.1 2.0 7.42 26 

5 14.5 16.1 2.0 7.45 26 

Min 16.0 7.9 6.87 26 14.4 16.0 1.6 7.37 26 

Max 16.4 8.0 7.34 27 14.6 16.1 8.0 7.98 27 



Concentration 
(%) Reo 

Initial Counts 1 
2 
3 
4 
5 

Mean 

Final Control I 
2 
3 
4 
5 

Mean 
HSW-1 

0.08 I 
2 
3 
4 
5 

Mean 

0.15 I 
2 
3 
4 
5 

Mean 

0.3 1 
2 
3 
4 

5 
Mean 

0.6 I 
2 
3 
4 

5 
Mean 

1.2 I 
2 

3 
4 
5 

Mean 

APPENDIX TABLE 15 

Mytilus edulis 

SUM:MAR Y 0}' RESULTS FOR nrv AL VE LARY AE BIO ASSAY 
Test Dates: 4n-4/9/94 

Total Total Total 

Normal Abnormal Larvae/mL % Survival % Abnormal 

129 25.8 

95 19.0 

102 20.4 

76 15.2 

115 23.0 
20.7 

103 13 23.2 11.2 

97 3 20.0 3.0 

86 5 18.2 5.5 

83 5 17.6 5.7 

106 7 22.6 6.2 
20.3 98.2 6.3 

22 61 16.6 73.5 

2 78 16.0 97.5 

0 72 14.4 100.0 

0 77 15.4 100.0 

5 67 14.4 93.1 

15.4 74.2 92.8 

0 74 14.8 100.0 

0 76 15.2 100.0 

0 64 12.8 100.0 

0 86 17.2 100.0 

0 61 12.2 100.0 

14.4 69.8 100.0 

0 139 27.8 100.0 

0 120 24.0 100.0 

0 133 26.6 100.0 

0 91 18.2 100.0 

0 82 16.4 100.0 
22.6 100.0 100.0 

0 73 14.6 100.0 

0 133 26.6 100.0 

0 90 18.0 100.0 

0 96 19.2 100.0 

0 93 18.6 100.0 
19.4 93.7 100.0 

0 90 18.0 100.0 

0 75 15.0 100.0 

0 87 17.4 100.0 

0 80 16.0 100.0 

0 91 18.2 100.0 

16.9 81.7 

Treatment 
Mortality 

(%) 

NA 

24,3 

28.9 

0.0 

4.4 

16.7 



Concentration 
('?,) " 

HSW-2 
0.08 

0.15 

0.3 

0.6 

1.2 

R ep 

I 
2 
3 
4 

5 
Mean 

I 
2 
3 
4 
5 

Mean 

I 
2 
3 
4 
5 

Mean 

1 
2 
3 
4 
s 

Mean 

I 
2 
3 
4 
5 

Mean 

APPENDIX TABLE 15 (Cont'd) 

Mytilus edulis 

SUMMARY OF RESULTS FOR BIVALVE LARVAE BIO ASSAY 

Test Dates: 4f7-4/9/94 

Total 
N I orma 

0 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Total 
Ab norma 

109 
84 
100 
110 
95 

100 
90 
11 I 
89 
115 

82 
IOI 
97 
89 
104 

144 
128 
94 
103 
119 

81 
94 
104 
88 
87 

Total 
L elmL arva %S . I UI'VIVa '?. Ab 0 norma 

21.8 100.0 

17.0 98.8 

20.0 100.0 

22.0 100.0 

19.0 100.0 
20.0 96.4 99.8 

20.0 100.0 

18.0 100.0 

22.2 100.0 

17.8 100.0 

23.0 100.0 
20.2 97.6 100.0 

16.4 100.0 
20.2 100.0 

19.4 100.0 

17.8 100.0 

20.8 100.0 
18.9 91.4 100.0 

28.8 100.0 
25.6 100.0 

18.8 100.0 
20.6 100.0 
23.8 100.0 
23.5 100.0 100.0 

16.2 100.0 

18.8 100.0 
20.8 100.0 
17.6 100.0 
17.4 100.0 

18.2 87.7 100.0 

Treatment 
Mortality 

('?,) " 

L7 

0.5 

6.8 

0.0 

10.5 



Concentration 

µg/L Rep 

0.56 

2 

3 

3.2 

2 

3 

10 

2 

3 

32 

2 

3 

56 1 

2 

3 

Min 
Max 

APPENDIX TABLE 16 

Mytilus edulis 

WATER QUALITY MEASUREMENTS 

FOR THE REFERENCE TOXICANT (COPPER) TEST 

Test Dates: 4!7-4/9/94 

Day0 Day 1 Day2 
oc DO pH Sal oc oc DO pH 

15.8 9.2 7.91 30 14.3 14.0 7.7 7.95 

14.3 14.0 7.8 7.96 

14.3 14.0 7.9 7.96 

15.7 8.9 7.91 29 14.3 14.1 7.9 7.96 

14.3 14.0 7.9 7.96 

14.2 14.0 8.1 7.96 

15.6 8.7 7.92 29 14.3 14.0 8.0 7.96 

14.4 14.1 8.0 7.97 

14.3 14.1 8.1 7.97 

15.6 9.7 7.78 26 14.3 14.0 8.0 7.97 

14.3 14.1 8.1 7.96 

14.3 14.1 8.1 7.95 

15.8 9.1 7.86 26 14.4 14.0 8.3 7.95 

14.3 14.0 8.1 7.96 

14.4 14.0 8.1 7.96 

15.6 8.7 7.78 26 14.2 14.0 7.7 7.95 

15.8 9.7 7.92 30 14.4 14.1 8.3 7.97 

Sal 

28 

29 

29 

28 

29 

29 

28 

28 

28 

26 

26 

26 

25 

25 

25 

25 

29 



Concentration 
(ue/L) Rep 

0.56 I 
2 
3 

Mean 

3.2 I 
2 
3 

Mean 

10 I 
2 
3 

Mean 

32 I 
2 
3 

Mean 

56 I 
2 
3 

Mean 

APPENDIX TABLE 17 

Mytilus edulis 
SUMMARY OF RESULTS FOR THE BIVALVE LARVAE 

REFERENCE TOXICANT (COPPER) BIOASSA Y 
Test Dates: 4n-4l9/94 

Total Total Total 
Normal Abnormal Larvae/mL % Survival % Abnormal 

92 5 19.4 5.2 
76 3 15.8 3.8 
86 6 18.4 6.5 

17.9 86.3 5.2 

99 24 24.6 19.5 
95 22 23.4 18.8 
89 17 21.2 16.0 

23.1 100.0 18.1 

88 16 20.8 15.4 
II 91 20.4 89.2 
29 45 14.8 60.8 

18.7 90.2 55.1 

0 34 6.8 100.0 
0 12 2.4 100.0 
0 50 10.0 100.0 

6.4 30.9 100.0 

0 0 0.0 100.0 
0 6 1.2 100.0 
0 13 2.6 100.0 

1.3 6.1 100.0 

Treatment 
Mortality 

(%) 

12.0 

0.0 

8.0 

68.5 

93.8 



Appendix 6 
Laboratory Results Submitted by ABT- Second Test 
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Advanced IBiological 'Il'esting Inc. 

1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia, Mytilus edulis, and Citharichthys stigmaeus 

using high strength wastes (HSW) collected separately from the Starkist (HSW-1) and Van 

Camp (HSW-2) tuna canneries in American Samoa The study was run using methods generally 

specified in EPA 1991 and in a Sampling and Testing Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 

1 



Advanced IBiological "JI'esting Inc. 

2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on October 20. 1994 by personnel from 

the two canneries. Due to shipping and airline scheduling problems, frequently encountered in 

this region. the sample was received by the laboratory on October 24, 1994. A single gallon 

carboy was provided from each cannery and were labeled at ABT as HSW -1 (HSW-SKS Grab) 

and HSW-2 (Pipeline Sludge HS-W2. Van Camp). Samples were maintained in ice-filled coolers 

from the date of sampling until laboratory receipt The samples were at 2-3°C upon receipt and 

were stored at 4°C until use. 

2.2 SAMPLE PREPARATION AND TEsTING METHODS 

2.2.l Testing on the speckled sanddab, Citharichthys stigmaeus 

In agreement with the EPA regarding the proposed testing concentrations, the high strength 

wastes were tested at six concentrations starting from 2.0% and dropping using a 50% dilution 

factor. The final concentrations were 2.0, 1.0, 0.5, 0.25. 0.125, and 0.06% as vol:vol dilutions in 

seawater. The diluent was filtered seawater from San Francisco Bay. The dilutions were brought 

up to the test temperature (17 ± 2°C) and aerated continuously. These effluents have an 

extremely high biological oxygen demand, therefore aeration was carried out from the beginning 

of the test. 

A reference toxicant was run using concentrations of the to:xicant Sodium Dodecyl Sulf onate 

(SOS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/Lin 30 ppt seawater in a 24 hour test. 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on October 24, 1994. 

The test conditions are summarized in Table 1. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily as initial quality on Day O 

and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 

salinity, total ammonia, and temperature. • 

2 



Advanced lEiological 'II'esting Inc. 

2.2.2 Testing on the mysid, Mysidopsi.s bahia 

In agreement with the EPA regarding the proposed testing concentrations, the high strength 

wastes were tested at six eoncentrations starting from 2.0% and dropping using a 50% dilution 

factor. The final concentrations were 2.0, LO, 0.5, 0.25, 0.125, and 0.06% as vol:vol dilutions in 

seawater. The diluent was filtered seawater from San Francisco Bay The dilutions were brought 

up to the test temperature (16 ± 2°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 40, 20, 10, 5, 2.5 and L25 mg/L in 30 ppt seawater in a 96 hour test 

The first bioassay was carried out on 7-10 day old larval Mysidopsis bahia, supplied by Aquatox 

from Hot Springs, Arkansas. The animals were received at ABT on November 1, 1994. The test 

conditions for this test are summarized in Table 2. Five replicates of each concentration were 

tested with ten larval mysids per replicate. Water quality was monitored daily as initial quality on 

Day O and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 

salinity, total ammonia, and temperature. 

2.2.3 Bivalve Larval Bioassay 

Test solutions used in the bioassays were prepared using San Francisco Bay seawater at 30 ppt in 

serial dilution (0.5) to create 2.0, LO, 0.5, 0.25, 0.125, and 0.06% test concentrations for the 

bioassays. The bivalve study was conducted under ASTM 1993 guidelines. 

The reference toxicant for the bivalve larval bioassays was copper sulfate at test concentrations 

of 3.75, 7.5, 15, 30, and 60 µg/L. 

The bivalve larvae survival and development test was run following methods in ASTM (1993). 

Bay mussels, Mytilus edulis, were obtained from A. K. Siewers, Santa Cruz, California. Adults 

were induced to spawn by heat shocking. Released gametes were placed in individual containers 

of filtered seawater and examined for viability. Gametes were mixed and allowed to fertilize for 

up to two hours, under gentle aeration. Fertilized eggs were then separated from sperm and 

debris by filtering the su~pension at 20 µm. Egg stock density was estimated by counting an 

aliquot of dilute stock concentrate. Equal volumes of concentrate were added to each replicate to 

3 
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an initial density of 15-30 embryos per mL. Initial stocking density was confirmed by counting a 

5 mL aliquot from at least three control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature. pH. dissolved oxygen, and salinity were recorded at O and 48 hours; temperature 

was also recorded at 24 hours. Total ammonia in the 2% concentration was 3.6 mg/L at test 

initiation for HSW-1 and 6.1 mg/L for HSW-2. Ammonia was not measured on Day 2. At the 

end of the exposure period, a 5 mL sub-sample was taken from each test replicate and preserved 

with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the total 

number of normal and abnormal larvae were counted. 

Gentle aeration was initiated on Day 0, and continued for the duration of the tests. To assess the 

effects of aeration, an aeration control was run simultaneously. No statistical differences were 

observed between aerated and unaerated controls. 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the testing, the survival data were evaluated statistically using ToxCalc TM to 

determine ECp, NOEC, and LOEC values where appropriate. ToxCalc™ is a comprehensive 

statistical application tha:t follows standard guidelines for acute and chronic toxicity data 

analysis. Data were evaluated statistically to estimate the LC50 and IC50 values for the tests 

using the Probit or Trimmed Spearman-Karber Method. 

4 



Advanced IBHological 'Il'esting Inc. 

3.1 Initial Effluent Quality 

3.0 
RESULTS 

The two High Strength Wastes were tested for basic water quality parameters upon receipt at the 

laboratory. HSW-1 had a dissolved oxygen level of 0.7 mg/L; a pH of 6.53; a salinity of 

23.5 ppt; and a total ammonia level of 480 mg/L. HSW-2 had a dissolved oxygen level of 

0.6 mg/L; a pH of 6.39; a salinity of 14.0 ppt; and a total ammonia level of 350 mg/L. 

3.1 Citharichthys stigmaeus 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained ili all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.35% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity again occurred in the first 24 hours. There was significant 

mortality at 2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC 

was 0.25% and the LOEC was 0.5% 

The LC50 for HSW-2 was 0.37% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity occurred in the first 24 hours. There was significant mortality at 

2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC was 0.25%, 

and the LOEC was 0.5%. 

The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LC50 of 3.9 mg/L, an NOEC of 3.1 mg/L, and an LOEC of 6.25 mg/L. This is the 

third reference toxicant test on Citharichthys at this laboratory, therefore no database has been 

established by this laboratory although the data has been consistent in the 3 - 4 mg/L range. The 

current laboratory mean is 3.92 mg/L. 

5 
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3.2 Mysidopsis bahia 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 1.16%. At 96 hours, there was significant mortality at 2.0 and 1.0% 

concentrations compared to the control. The NOEC was 0.5% and the LOEC was 1.0%. 

The LC50 for HSW-2 was 0.79%. again there was significant mortality at 96 hours in the 2.0 and 

1.0% concentrations compared to the control. The NOEC was 0.5%, and the LOEC was 1.0%. 

The reference toxicant test had an LC50 of 7.27 mg/L, with an NOEC of 1.25 mg/L and an 

LOEC of 2.5 mg/L. This is the third reference toxicant test on Mysidopsis at this laboratory, 

therefore no database has been established. The current mean is 13.5 mg/L. 

3.3 BIVALVE LARVAL BIO ASSAY 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentratiotl even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

Control survival was acceptable at 1()()% with 1.4% abnormal development. The LC50 for 

HSW-1 was >2.0%, while the LC50 for HSW-2 was 0.2%. The IC50 for HSW-1 was 0.1% and 

the IC50 for HSW-2 was 0.18%. 

6 



A. dvanced IBioJogical 'II'esting Inc. 

The LC50 (6.1 µg/L) for the copper sulfate reference toxicant test was within two standard 

deviations of the laboratory mean of 15.9 µg/L indicating normal to higher sensitivity of the test 

organisms. 

3.5 AMMONIA MEASUREMENTS 

Ammonia in both of the HSW was very high. When measured in a 25% dilution in seawater, 

ammonia levels ranged from 88 to 120 mg/L. When converted to the 100% concentration, the 

ammonia level would be above 350 - 450 mg/L. The un-ionized fraction as NH3 would range 

from 17 to 24 mg/Lat 100% concentration. 
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TABLEl 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Citharichthys stigmaeus (U.S. EPA 1991) 

Parameter 
Test Species 

Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Citharichthys stigmaeus 

J. Brezina and Associates 

Tamales Bay 

10/25/94 

24hours 

30 ppt seawater 

12±2°C 

Juveniles, 3-5 cm TL 

941024-19, -20 

10/20/94 

10/24/94 

One gallon 

4 °C in the dark 

96 hour static acute, renewal at 48 hours 

10/26/94 to 10/30/94 

San Francisco Bay seawater 

17±2°C 

16 L: 8 D 

31 ±2 ppt 

10 L polyethylene chamber 

10 animals/replicate 

5L 

5 

None 

None 

8 
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TABLE2 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 
Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 
Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Mysidopsis bahia 

Aquatox, Arkansas 

11/1/94 

None 

Shipping water 

20±2°C 

7-10 day larvae 

941024-19, -20 

10/20/94 

10/24/94 

Five gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

11/1/94 to 11/5/94 

San Francisco Bay seawater 

18 ±2°C 

14 L: 10 D 

30ppt 

lOOOmLjars 

10 aninial/replicate 

500mL 

5 
Brine shrimp (24 hr old nauplii) 

None 

9 
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TABLE3 

Bioassay Procedure And Organism Data 
For The 48 Hour Bioassay 

Using Larvae of Mytilus edulis (ASTM 1993) 

Parameter 
Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 
Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Mytilus edulis 

AK. Siewers, Santa Cruz, CA 

10/25//94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

941024-19, -20 

10/20/94 

10/24/94 

One gallon 

4 °C in the dark 

Acute; static; 48 hours 

10/25/94 to 10/27 /94 

San Francisco Bay seawater 

16±2°C 

16 L: 8 D 

32± 2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

3 

None 

Chambers were gently aerated with low bubble 

aeration 

10 
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TABLE4 

SUMMARY OF RESULTS 
FOR THE IDGH STRENGTH WASTE BIOASSA YS 

Species 

Citharichthys stigmaeus 

Mysidopsis bahia 

Mytilus edulis 

Note: 
HSW -1: Starkist 
HSW-2: Van Camp 

Test 

96 hr static 

96 hr static 

48 hr static 

11 

Endpoint HSW-1 

LC50 0.35% 
NOEC 0.25% 
LOEC 0.50% 

LC50 1.16% 
NOEC 0.50% 
LOEC 1.00% 

LC50 >2.0 
IC50 0.10% 

HSW-2 

0.37% 
0.25% 
0.50% 

0.79% 
0.50% 
1.00% 

0.20% 
0.18% 



Advanced IBsiological 'If~ting Inc. 

TABLES 

SUMMARY OF RF.sULTS FOR THE REFERENCE TOXICANT TF.sTS 

Citharichthys stigmaeus SDS 
Concentration % LC50 NOEC LOEC 

(mglL) Survival (mg!L) (mg/L) (mg/L) 

Control 100.0 3.9 3.1 6.25 
1.6 100.0 
3.1 83.3 

6.25 0.0* 
12.5 0.0* 

25 0.0* 

Lab LCS0 = 3.92. 

Mysidopsis bahia SDS 
Concentration % LCS0 NOEC LOEC 

(mg/L) Survival (mg/L) (mg!L) (mg!L) 

.. Control 98.0 7.27 1.25 2.5 
0.7 90.0 

1.25 90.0 
2.5 73.3* 

5 83.3* 
10 70.0* 
20 10.0* 
40 0.0* 

Lab LC50 = 13.52. 

Bivalve larvae Copper sulfate , 

Mean % 

Concentration Normal Treatment LCS0 (%) 

(µg/L) Larvae/mL Mortality (µg/L) Abnormal 

Initial Counts 23.5 6.1 

Control W/Air 235 NA 1.4 

Control WO/Air 22.9 NA 3.8 

3.75 19.0 6.4 1.8 

7.5 2.3• 885 51.9 

15 4.7• 76.7 100 
30 o.o• 100.0 100 

60 0.0* 100.0 100 

• Statistically significant. 

12 
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4.0 
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APPENDIX TABLE 1 

SAMPLE WATER QUALITY 

Total Initial 
pH DO NH3 Salinity 

Sample (units) (mg/L) (mg/L) (ppt) 

HSW-1 6.53 0.7 480 23.5 
HSW-2 6.39 0.6 350 14 



• 

APPENDIX TABLE 2 

Mytilas edulis 

WATER QUALITY MEASUREMENTS FOR TIIE EFFLUENT TEST 
Test Dates: 10/2S-10/27/94 

Concentration Day0 Dayl Day2 

(%) Rep pH DO "C Sal oc pH DO oc Sal 

Control 1 8.06 8.8 16.7 32 16.2 8.00 8.8 16.9 32 

W/Air 2 163 8.01 8.8 16.9 32 

3 16.2 8.02 8.6 16.9 32 

Control 1 8.06 8.8 16.7 32 16.2 8.09 8.8 16.9 32 

WO/Air 2 16.2 8.11 8.8 16.9 32 

3 16.2 8.13 8.8 16.9 32 

HSW-1 
0.06 1 8.04 8.8 16.8 32 16.3 8.12 8.8 16.9 32 i 

2 16.2 8.09 8.7 16.9 32 
3 16.2 8.11 8.8 16.9 32 

0.125 1 7.99 8.8 16.8 32 163 8.14 8.6 16.9 32 

2 16.2 8.08 8.6 16.9 33 

3 16.2 8.12 8.7 16.9 32 

0.25 1 7.88 8.8 16.7 32 16.2 . 8.14 8.6 16.9 33 
2 16.2 8.12 8.6 16.9 32 

3 16.3 8.08 8.5 16.9 32 

0.5 1 7.68 8.8 16.6 32 16.2 8.02 6.2 16.9 32 
2 16.2 7.75 6.0 16.9 32 
3 16.2 7.68 6.1 16.9 32 

1 1 7.34 8.8 16.6 32 16.2 8.01 4.8 16.9 32 
2 16.3 8.00 4.9 16.9 32 

3 16.3 7.93 4.8 16.9 32 

2 1 6.96 8.4 16.6 32 16.2 8.04 3.4 16.9 32 
2 16.2 7.99 3.2 16.9 32 
3 16.2 8.05 3.4 16.9 32 

Min 6.96 8.4 16.6 32 16.2 7.68 3.2 16.9 32 
Max 8.06 8.8 16.8 32 16.3 8.14 8.8 16.9 33 



APPENDIX TABLE 2 (Cont'd) 

Mytibu edulis 
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 

Test Dates: 4n-4!9/94 

Concentration Day0 Dayl Day2 

(%) Rep pH DO oc Sal oc pH DO oc Sal 

HSW-2 
0.06 i 8.06 8.8 16.7 32 16.3 8.12 8.6 16.9 32 

2 16.3 8.15 8.5 16.9 32 

3 16.3 8.16 8.6 16.9 32 

0.125 1 8.04 8.9 16.6 32 16.2 8.17 8.5 16.9 32 

2 16.2 8.17 8.5 16.8 32 
3 16.2 8.19 8.5 16.9 32 

0.25 1 7.94 8.8 16.7 32 16.2 8.20 8.4 17.0 32 
2 16.2 8.19 8.5 16.9 32 
3 16.3 8.14 8.2 16.9 32 

OS 1 7.77 8.7 16.7 32 16.3 7.73 3.4 16.9 32 

2 16.3 8.11 7.8 16.9 32 
3 16.3 8.15 7.8 16.9 32 

1 1 7.40 8.7 16.8 32 16.2 8.09 7.4 17.0 32 
2 16.2 8.19 7.6 16.9 32 

3 16.2 8.20 7.6 16.9 32 

2 1 6.92 8.6 16.6 32 16.2 8.03 3.8 16.9 32 

2 16.2 8.03 4.8 16.9 32 
3 16.2 7.98 4.6 16.9 32 

Min 6.92 8.6 16.6 32 16.2 7.73 3.4 16.8 32 
Max 8.06 8.9 16.8 32 16.3 8.20 8.6 17.0 32 



APPENDIX TABLE 3 

Myulu.r eduE$ 

SUMMARY OF RESULTS FOR BIVALVE LARVAE HIGH STRENGTH WASTE BIO ASSAY 

TestDates: 10/25-HW27/94 

Concentration Total 
(%) Ren Normal 

Initial Counts 1 110 
2 135 
3 108 

Mean 

FmaJ Control 1 101 

W/Air 2 129 
3 117 

Mean 

Fmal Control 1 104 

WO/Air 2 109 
3 118 

Mean 
HSW-1 

0.06 1 82 
2 89 
3 78 

Mean 

0.125 1 23 
2 18 
3 20 

Mean 

0.25 1 3 
2 1 
3 3 

Mean 

0.5 1 0 
2 0 
3 0 

Mean 

1 1 0 
2 0 
3 0 

Mean 

2 1 0 
2 0 
3 0 

Mean 

Total Total 
Abnormal Larvae/mL 

22.0 
27.0 
21.6 
23.5 

0 20.2 
0 25.8 
5 24.4 

23.5 

5 21.8 

3 22.4 
5 24.6 

22.9 

12 18.8 
14 20.6 
15 18.6 

19.3 

72 19.0 
58 15.2 
71 18.2 

17.5 

82 17.0 
TI 15.6 
85 17.6 

16.7 

85 17.0 
93 18.6 
81 16.2 

17.3 

89 17.8 
94 18.8 
97 19.4 

18.7 

95 19.0 
96 19.2 
87 17.4 

18.5 

% Survival % Abnormal 

0.0 
0.0 
4.1 

100.0 1.4 

4.6 

2.7 
4.1 

100.0 3.8 

12.8 
13.6 
16.1 

93.4 14.2 

75.8 
76.3 
78.0 

84.4 76.7 

96.5 
98.7 
96.6 

80.8 973 

100.0 
100.0 
100.0 

83.4 100.0 

100.0 
100.0 
100.0 

90.2 100.0 

100.0 
100.0 
100.0 

89.5 

Treatment 
Mortality 

('fa) 

NA 

NA 

4.8 

14.0 

17.6 

14.9 

8.0 

8.7 



APPENDIX TABLE 3 (Cont'd) 

Mytiliu edulis 
SUMMARY OF RESULTS FOR BIVALVE LARVAE HIGH STRENGTH WASTE BIO ASSAY 

Test Dates: 10/25-lU/27/94 

Concentration Total Total Total 
Treatment 
Mortality 

(%) Ren Normal Abnormal Larvae/mL % Survival 'fa Abnormal (%) 

HSW-2 
0.06 1 102 3 21.0 2.9 

2 87 2 17.8 2.2 
3 117 3 24.0 2.5 

M=, 20.9 100.0 2.5 0.0 

0.125 1 67 13 16.0 16.3 
2 61 12 14.6 16.4 
3 52 12 12.8 18.8 

Me31l1 14.5 69.9 17.1 28.7 

0.25 1 0 38 7.6 100.0 
2 0 27 5.4 100.0 
3 0 33 6.6 100.0 

M=, 6.5 31.6 100.0 67.8 

0.5 1 0 27 5.4 100.0 
2 0 27 5.4 100.0 
3 0 27 5.4 100.0 

M=. 5.4 26.1 100.0 73.4 

1 1 ·- 0 36 7.2 100.0 
2 0 39 7.8 100.0 
3 0 31 6.2 100.0 

Mean 7.1 34.1 100.0 65.2 

2 1 0 37 7.4 100.0 
2 0 31 6.2 100.0 
3 0 36 7.2 100.0 

Mean 6.9 33.5 100.0 65.8 



APPENDIX TABLE 4 

Mytilus edulis 

WATER QUALITY MEASUREMENTS 

FOR THE REFERENCE TOXICANT (COPPER) TEST 

Concentration Day0 Day 1 Day2 

µg/L Rep pH DO oc Sal oc pH DO oc Sal 

3.75 1 8.08 8.8 16.7 32 16.4 8.15 8.4 17.0 32 

2 16.4 8.13 8.5 16.9 32 

3 16.4 8.15 8.6 16.9 32 

7.S 1 8.09 8.8 16.7 32 165 8.18 8.6 16.9 32 

2 16.4 8.18 8.4 16.9 32 

3 16.5 8.16 8.4 16.9 32 

15 1 8.10 8.7 16.7 32 16.5 8.17 8.5 16.9 32 

2 16.5 8.18 8.5 17.0 32 

3 16.5 8.18 8.4 17.0 32 

30 1 8.10 8.7 16.8 31 16.5 8.17 8.4 16.9 32 

2 16.5 8.17 8.4 16.9 32 

3 16.5 8.16 8.5 16.9 32 

60 8.11 8.7 16.7 30 16.5 8.16 8.5 16.9 32 

2 16.4 8.17 8.6 16.9 32 

3 16.5 8.16 8.6 17.0 32 

Min 8.08 8.7 16.7 30 16.4 8.13 8.4 16.9 32 

Max 8.11 8.8 16.8 32 16.5 8.18 8.6 17.0 32 



Concentration 
(111>/T.) Reo 

3.75 1 
2 
3 

Mean 

7.5 1 
2 
3 

Mean. 

15 1 
2 
3 

Mean 

30 1 
2 
3 

Mean 

60 1 ·-
2 
3 

Mean 

APPENDIX TABLE 5 

MytillU edulir 
SUMMARY OF RESULTS FOR THE BIVALVE LARVAE 

REFERENCE TO XI CANT (COPPER) BIOASSA Y 

Total Total Total 
Normal Abnormal LarvadmL % Survival % Abnorma1 

90 2 18.4 22 
97 1 19.6 1.0 
93 2 19.0 21 

19.0 91.8 1.8 

4 5 1.8 55.6 
6 7 2.6 53.8 
7 6 2.6 46.2 

2.3 11.3 51.9 

0 27 5.4 100.0 
0 21 4.2 100.0 
0 23 4.6 100.0 

4.7 22.9 100.0 

0 0 0.0 100.0 
0 0 0.0 100.0 
0 0 0.0 100.0 

0.0 0.0 100.0 

0 0 0.0 100.0 
0 0 0.0 100.0 
0 0 0.0 100.0 

0.0 0.0 100.0 

Tnabnent 

Mortality 
{'fo) 

6.4 

88.5 

76.7 

100.0 

100.0 



Concentration Day 0 
(%) Rep pH DO NW •c Sal 

Control 

0.06 

l 
3 
4 
5 

l 
3 
4 
5 

0.125 1 
l 
3 
4 
5 

0..25 
l 
3 
4 
5 

0.5 1 
l 
3 
4 
s 

2 
3 
4 
5 

2.0 1 
2 

3 
4 
5 

7.98 7.9 0.03 17. 1 32 

7.93 8.0 0.14 17.3 32 

7.87 8.0 0.27 17.2 32 

7.72 8.1 0.51 17.2 32 

1.55 8. l 0.93 17.2 32 

7.18 7.8 1.80 17.2 32 

6.84 7. 7 3.60 17.2 32 

APPENDIX TABLE 6 

M!Jldopsb ba.hJa 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

HSW-1 

Day I 
pH DO NB3 •c Sal 

8.18 8.2 17.2 33 
8.23 8.1 0.03 17.0 33 
8.22 8.1 16.9 32 
8.22 8.4 16.6 33 
8.22 8.5 16.5 33 

8.17 8.5 17.2 33 
8.15 8.5 0.10 17.0 32 
8.13 8.3 16.8 32 
8.20 8.2 16.5 33 
8.21 8.2 16.4 31 

Dayl 
pH DO NBJ •c Sal 

8.16 7.2 0.02 17.l 33 
8.23 7:1. 
8.24 7.2 
8.24 7:1. 
8.24 7.4 

16.5 33 
16.3 33 
16.2 33 
16.0 33 

8.24 7.6 0.11 16.6 33 
8.2.5 7.5 16.5 33 
8.23 7.4 
8.19 7.4 
8.21 7.4 

16.4 33 
16.2 33 
16.0 33 

8.09 8.4 17.2 33 8.22 7.6 0.19 16.6 33 
8.02 8.4 0.22 17.0 33 8.24 7.5 16.5 33 

16.2 33 
16.0 33 
16.0 33 

8.01 8.5 16.8 32 8.21 7.4 
8.03 8.3 16.5 33 8.25 7 .4 
8.14 8.4 15.9 33 8.2.5 7.4 

8.01 8.2 17.2 33 
8.01 8.2 0.70 17.0 33 
7.85 7.7 16.9 32 
8.02 7.8 
8.09 8.6 

16.5 33 
16.0 33 

7.97 6.6 17.2 33 
7.lt-4 7.7 0.40 17.0 32 
7.73 6.8 
7.78 7.6 
7.77 7.9 

7.66 6.9 

16.9 32 
16.6 33 
16.2 33 

17.2 32 
7.81 7.1 1.50 17.0 32 

8.27 7.6 0.38 16.7 33 
8.26 7.6 16.5 33 
8.17 7.4 
8.23 7.4 
8.24 7.4 

16.4 33 
16.0 33 
16.0 33 

8.10 7 .6 0.70 16.6 33 
8.20 7.4 
8.16 7.3 
8.13 7.2 
8.13 7.2 

16.5 33 
16.5 33 
16.3 33 
16.0 33 

8.18 7.4 1.44 16.9 33 
8.23 7.3 16.6 33 

7.65 6.3 
7.60 5.9 
7.51 5.2 

17.0 32 8.18 7.2 16.5 33 
16.2 33 
16.0 33 

16.7 33 8.14 7.2 
16.5 33 8.CJ7 7.2 

7.56 3.5 15.9 33 
7.47 20 3.70 15.7 33 
7.49 2.0 15.6 33 
7.38 0.6 
7.66 3.8 

15.8 33 
15.9 34 

8.22 7 .2 2.82 16.0 33 
8.09 7.2 16.0 34 
8.05 6.7 16.0 34 
8.14 6.7 16.0 34 
8.18 6.9 16.0 34 

Day3 
pH DO NB3 •c Sal 

8.17 7.3 0-03 17.4 33 
8.22 7.2 17.1 33 
8.24 7.3 16.9 33 
8.24 7.4 16.8 33 
8.25 7.4 16.6 33 

8.23 7.6 0.11 17.2 34 
8.20 7.4 
8.20 7.4 
8.13 7.4 
8.16 7.4 

17.0 33 
16.9 33 
16.6 34 
16.S 34 

8.21 7.5 0.21 17.2 34 
8.21 7.4 
8.21 7.4 
8.25 7.4 
8.26 7.4 

17.1 33 
16.8 33 
16.5 34 
16.5 34 

8.26 7.6 0.40 17. 1 34 
8.27 7.6 17.0 34 
8.21 7.5 16.9 33 
8.22 7.4 16.6 34 
8.25 7.4 16.4 34 

8.28 7.6 0.60 17.2 33 
8.23 7.5 17.0 33 
8.21 7.4 
8.21 7.4 
8.20 7.4 

16.9 33 
16.6 34 
16.5 34 

8.23 7.6 1.26 17.2 33 
8.28 7.4 17.1 33 
8.27 7.4 
8.23 7.3 
8.16 7.3 

17.1 33 
16.7 32 
16.3 34 

8.30 7.3 2.16 16.3 34 

8.30 7.4 16.2 34 

Min 
Max 

6.84 7.7 0.03 17.1 32 7.38 0.6 0.03 15.6 31 8.05 6.7 0.02 16.0 33 8.13 7.2 0-03 16.2 32 
8.30 7.6 2.16 17.4 34 7.98 8.1 3.60 17.3 32 8.23 8.6 3.70 17.2 34 8.27 7.6 2.82 17.1 34 

Note: - = All animals dead. 

Day4 
pH DO NB3 •c Sal 

8.05 8.0 0.03 17.9 34 
8.14 8.0 
8.17 8.0 
8.18 8.1 
8.20 8:1. 

17.7 34 
17.6 34 
17.5 34 

17.2 34 

8.18 8.2 0.10 17.7 34 
8.13 8.2 
8.14 8.1 
7.98 8.0 
8.09 7.8 

17.6 34 
17.6 34 
17.3 34 
17.0 34 

8.15 8.0 0.20 17.6 34 
8.16 8.0 
8.14 8.0 
8.21 8.0 
8.22 8.0 

17.6 34 
17.4 34 
17.0 34 
16.9 34 

8.21 8.2 0.39 17.S 34 
8.20 8.0 
8.12 8.0 
8.15 7.8 
8.19 7.8 

17.5 34 
17.4 34 
17.0 34 
16.9 34 

8.27 8.0 0.74 17.6 34 
8.19 8.0 17 .6 34 
8.24 7.9 17.4 34 
8.18 7.8 17.2 34 
8.13 7.8 16.9 34 

8.20 7.8 1.18 17.7 34 
8.26 7.8 17.7 34 
8.12 7.6 
8.17 7.6 
8.14 7.4 

17.6 34 
17.3 34 
17.0 34 

8.31 7.4 2.07 16.8 34 

8.31 7.6 16.7 34 

7 .98 7 .4 0.03 16.7 34 
8.31 8.2 2.07 17.9 34 



APPENDIX TABLE 6 (Cont'd) 

MJsidopsl.s bahJa 
WATER QUALllY MEASUREMENTS FOR EFFLUENT TEST 

HSW-2 

Concentration Day0 Day 1 Day2 Day3 Day4 

(%} R~ J!H DO NH3 •c Sal J!H DO NH3 •c Sal J!H DO NH3 •c Sal J:!H DO NH3 •c Sal J!H DO NH3 •c Sal 

0.06 7.84 8.1 0.24 17.6 32 8.15 8.1 17.2 33 8.26 7.2 0.16 16.6 33 8.28 7.6 0.20 17.1 34 8.27 8.2 0.18 17.6 34 
2 8.02 8.0 0.28 16.9 33 8.19 7.2 16.4 33 8.20 7.5 16.9 34 8.18 8.1 17.4 34 
3 8.18 8.0 16.5 33 8.24 7.2 16.0 33 8.26 7.4 16.7 34 8.24 8.1 17.2 34 
4 8.20 8.1 16.3 33 8.26 7.4 16.0 33 8.26 7.4 16.5 34 8.26 8.0 17.0 34 
5 8.20 8.0 16.2 34 8.25 7.4 16.0 33 8.15 7.5 16.5 34 8.27 8.0 17.0 34 

0.125 7.79 8.1 0.47 17.7 32 8.12 8.1 17.2 33 8.25 7.5 0.27 16.5 34 8.28 7.4 0.32 17.0 34 8.27 8.2 0.28 17.4 34 
2 8.11 8.0 0.32 16.9 33 8.25 7.4 16.4 33 8.27 7.4 16.8 34 8.26 8.2 17.4 34 
3 8.05 8.0 16.6 33 8.21 7.4 16.2 33 8.26 7.4 16.6 34 8.12 8.0 17.2 34 
4 8.15 8.0 16.2 33 8.23 7.3 16.1 33 8.26 7.4 16.5 34 8.21 7.6 17.0 34 
5 8.17 8.1 16.2 33 8.27 7.4 16.0 34 8.27 7.6 16.5 34 8.26 7.6 16.9 34 

0.25 7.66 8.0 0.84 17.6 32 7.95 7.8 17.1 33 8.24 7.4 0.54 16.4 33 8.26 7.6 0.51 16.9 · 34 8.25 8.0 0.47 17.4 34 
2 7.89 7.8 0.60 16.9 33 8.18 7.4 16.3 33 8.24 7.4 16.9 34 8.20 8.0 17.4 34 
3 7.93 7.8 16.6 33 8.20 7.2 16.2 33 8.24 7.4 16.6 34 8.21 7.9 17.2 34 
4 7.92 7.8 16.5 33 8.20 7.2 16.1 33 8.22 7.4 16.5 34 8.19 7.8 17.0 34 
5 8.01 7.8 16.2 33 8.20 7.2 16.0 34 8.25 7.4 16.5 34 8.23 7.8 16.9 34 

0.5 7.43 7.9 1.60 17.6 32 7.89 7.8 17.1 33 8.25 7.4 1.10 16.2 33 8.27 7.5 1.05 16.8 34 8.26 8.0 0.98 17.2 34 
2 7.83 7.8 1.21 16.9 33 8.21 7.4 16.2 33 8.27 7.4 16.7 34 8.27 7.9 17.2 34 
3 7.79 7.4 16.7 33 8.20 7.2 16.1 33 8.27 7.4 16.6 34 8.23 7.8 17.2 34 
4 7.77 7.4 16.5 33 8.16 7.2 16.0 33 8.25 7.4 16.5 34 8.21 7.6 17.0 34 
5 7.94 7.8 16.2 33 8.24 7.2 16.0 34 8.30 7.4 16.5 34 8.28 7.6 16.9 34 

7.10 7.8 3.20 17.6 32 7.64 5.8 16.9 33 8.25 7.3 2.21 16.0 34 
2 7.59 0.8 2.57 16.9 33 8.15 7.3 16.0 33 
3 7.62 5.2 16.6 33 8.20 7.2 16.0 33 8.24 7.4 2.05 16.5 34 8.28 7.8 2.01 17.0 34 
4 7.62 5.0 16.4 33 8.21 7.2 16.1 33 8.29 7.4 16.5 34 8.31 7.6 16.9 34 
5 7.67 4.8 16.2 33 8.17 7.2 16.0 34 8.25 7.3 16.5 34 8.22 7.6 16.9 34 

2.0 6.82 7.2 6.10 17.9 32 7.45 0.8 17.0 33 
2 7.49 0.4 5.28 16.7 33 
3 7.40 0.6 16.5 33 
4 7.57 1.8 16.3 33 
5 7.47 0.6 16.2 33 

Min 6.82 7.2 0.24 17.6 32 7.40 0.4 0.28 16.2 33 8.15 7.2 0.16 16.0 33 8.15 7.3 0.20 16.5 34 8.12 7.6 0.18 16.9 34 
Max 7.84 8.1 6.10 17.9 32 8.20 8.1 5.28 17.2 34 8.27 7.5 2.21 16.6 34 8.30 7.6 2.05 17.1 34 8.31 8.2 2.01 17.6 34 

Note: - = All animals dead. 



APPENDIX TABLE 7 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

Control 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 

4 10 10 10 10 10 100 

5 10 10 10 10 10 100 98.0 

0.06 1 10 10 9 9 9 90 

2 10 10 9 10 10 100 

3 10 10 10 9 9 90 
4 10 9 9 8 8 80 

5 10 9 9 9 9 90 90.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.25 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 

3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.5 1 10 10 10 10 10 100 

2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 

5 10 10 10 9 9 90 98.0 

1 1 10 10 10 10 9 90 
2 10 10 10 10 6 60 
3 10 10 10 10 7 70 
4 10 10 10 .10 6 60 
5 10 10 8 6 5 50 66.0 

2 1 10 * 3 3 1 10 

2 10 * 0 0 
3 10 • 0 0 
4 10 • 0 0 
5 10 * 2 2 1 10 4.0 

Notes: - = All animals dead. 
* Sample too turbid to do counts. 



APPENDIX TABLE 7 (Cont'd) 

Mysidopsis bahia 

SURVIVAL DATA FOR EFFLUENT TEST 
HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.06 1 10 10 10 10 10 100 
2 10 10 7 6 5 50 
3 10 10 10 10 IO 100 

4 10 10 7 7 6 60 
5 10 10 9 9 9 90 80.0 

0.125 1 10 IO 10 10 10 100 
2 10 IO 9 9 8 80 

3 10 IO 10 10 9 90 
4 10 10 10 10 10 100 

5 10 10 10 10 10 100 94.0 

0.25 1 IO 10 10 10 9 90 
2 10 10 10 10 9 90 
3 10 10 10 9 9 90 
4· 10 10 10 9 9 90 
5 10 10 8 8 7 70 86.0 

0.5 1 10 10 9 9 9 90 

2 10 10 10 9 9 90 

3 10 10 10 9 9 90 
4 10 10 10 10 9 90 
5 10 10 9 9 8 80 88.0 

1 1 10 * 0 0 
2 10 * 0 0 
3 10 * 2 2 3 30 
4 10 * 2 2 2 20 
5 10 * 2 2 2 20 14.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 
* Sample too turbid to do counts. 



APPENDIX TABLE 8 

Mysidopsis bahia 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 Day2 Day3 Day4 
(mg/L) Rep pH DO "C Sal pH DO "C Sal pH DO oc Sal pH DO "C Sal pH DO "C' Sal 

0.7 1 8.06 8.2 15.9 33 8.16 7.2 17.4 33 8.16 7.2 17.4 33 8.03 7.4 17.6 33 7.88 6.8 18.2 33 
2 8.19 7.1 17.2 33 8.16 7.2 17.3 33 8.07 7.4 17.6 33 7.91 6.7 18.2 33 
3 8.20 7.1 17.3 33 8.16 7.1 17.3 33 8.06 7.2 17.6 33 7.88 6.6 18.2 33 

1.25 1 8.07 8.1 15.9 32 8.19 7.0 17.2 33 8.17 7.0; 17.3 33 8.08 7.2 17.6 33 7.93 6.5 18.2 33 
2 8.19 7.0 17.0 33 8.16 7.0 17.2 33 8.07 7.2 17.6 33 7.93 6.6 18.0 33 
3 8.19 7.0 17.1 33 8.15 7.1 17.2 33 8.07 7.2 17.5 33 7.93 6.6 18.0 33 

25 1 8.07 8.1 15.8 32 8.16 6.9 17.2 33 8.13 7.0 17.3 33 8.05 7.2 17.6 33 7.93 6.7 18.2 33 
2 8.15 6.5 17.0 33 8.12 7.0 17.0 33 8.05 7.2 17.5 33 7.96 6.6 18.0 33 
3 8.14 6.4 17.0 33 8.12 7.0 17.1 33 8.03 7.2 17.6 33 7.89 6.7 18.0 33 

5 1 8.08 8.1 15.9 32 8.11 6.4 17.2 33 8.08 7.0 17.4 33 8.02 7.2 17.6 33 7.90 6.5 18.3 33 
2 8.11 6.0 17.0 33 8.08 6.8 17.3 33 8.01 7.0 17.6 33 7.91 6.5 18.1 33 
3 8.10 5.8 17.0 33 8.09 6.8 17.2 33 8.00 7.0 17.6 33 7.89 6.4 18.2 33 

10 1 8.08 8.0 15.8 32 8.05 5.8 17.3 33 8.01 6.4 17.5 33 7.98 7.0 17.9 33 7.89 6.4 18.6 33 
2 8.07 5.8 17.1 33 7.99 6.4 17.3 33 7.98 7.0 17.8 33 7.89 6.4 18.3 33 
3 8.08 5.1 17.2 33 7.98 6.4 17.3 33 7.98 7.0 17.6 33 7.87 6.4 18.3 33 

20 1 8.09 8.0 15.8 32 8.05 4.8 17.5 33 7.80 4.5 17.7 33 
2 8.06 4.7 17.3 33 7.77 4.4 17.6 33 7.83 7.1 18.0 33 7.85 6.4 18.7 33 
3 8.05 4.7 17.2 33 7.78 4.4 17.4 33 7.81 . 6.4 17.8 33 7.92 6.7 18.6 34 

40 1 8.09 8.1 15.7 32 8.12 6.0 17.8 33 
2 8.17 6.2 17.8 33 
3 8.17 6.2 17.8 33 

Min 8.06 8.0 15.7 32 8.05 4.7 17.0 33.0 7.77 4.4 17.0 33.0 7.81 6.4 17.5 33.0 7.85 6.4 18.0 33.0 
Max 8.09 8.2 15.9 33 8.20 7.2 17.8 33.0 8.17 7.2 17.7 33.0 8.08 7.4 18.0 33.0 7.96 6.8 18.7 34.0 

Note: - = All animals dead. 



APPENDIX TABLE 9 

Mysidopsis bahia 
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.7 1 10 10 9 8 8 80 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 90.0 

1.25 1 10 10 9 9 9 90 
2 10 10 9 9 9 90 
3 10 10 10 10 9 90 90.0 

2.5 1 10 10 8 8 8 80 
2 10 10 7 7 7 70 
3 10 9 8 8 7 70 73.3 

5 1 10 10 10 10 10 100 
2 10 10 7 7 6 60 
3 10 9 9 9 9 90 83.3 

10 1 10 10 9 8 8 80 
2 10 8 7 7 7 70 
3 10 8 7 6 6 60 70.0 

20 1 10 2 0 0 
2 10 2 2 2 2 20 
3 10 1 1 1 1 10 10.0 

40 1 10 0 0 
2 10 0 0 
3 10 0 0 0.0 

Note: -· = All animals dead. 



APPENDIX TABLE 10 

Cilharlchzh:,s sligmanu 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Sindy Dates: l 0/26-10/3-0/94 
BSW-1 

Concentration DayO Day 1 Day2 Day3 Day4 

!'To} R~ i!B DO NH3 •c Sal i!B DO NB3 ·c Sal !!B DO NB3 •c Sal i!H DO NB3 ·c Sal !!H DO NH3 ·c Sal 

Control 1 8.02 8.6 <:0.01 16.5 32 8.05 8.2 0.08 16.8 32 8.03 8.8 0.08 14.6 33 7.94 6.8 0.08 15.4 33 7.95 8.2 0.0') 15.7 33 

2 792 8.3 0.08 16.9 32 7.82 8.8 0.09 14.7 33 7.78 7.0 0.0') 15.5 33 7.81 8.2 0.14 15.7 33 

3 7.91 7.8 0.(17 16.9 32 7.84 9.0 0.09 14.6 33 7.19 6.8 0.07 15.5 33 7.81 7.2 0.19 15.7 33 

4 8.04 8.1 o.rn 16.8 32 7.99 8.7 0.08 14..5 33 8.00 6.6 0.07 15.4 33 7.99 8.1 0.18 15.6 33 

5 8.00 S.2 0.o7 16.8 32 7.99 8.8 0.09 14.6 33 7.94 6.6 0.08 15.4 33 7.97 8.1 0.17 15.6 33 

0.06 1 7.95 8.6 0.16 16.4 32 7.90 8.1 0.14 16.7 32 8.00 9.0 0.17 14.6 33 7.99 7.2 0.16 15.4 33 8.00 8.1 0.29 15.7 33 

2 7.89 8.0 0.14 16.6 32 8.01 9.0 0.17 14..5 33 8.00 7.2 0.18 15..5 33 8.03 8.1 0.26 15.6 34 
3 7.95 8.0 0.14 16.5 32 8.04 9.0 0.17 14..5 33 8.04 7.0 0.14 15.4 33 8.06 8.3 0.29 15..5 34 

4 7.83 7.6 0.15 16.3 32 8.02 9.0 0.18 14.2 33 7.94 7.2 0.18 15.3 33 7.95 8.2 0.30 15.2 34 

5 7.82 7.8 (l.15 16.2 32 7.'TI 8.9 0.18 14.2 33 7.93 7.2 0.17 15.4 33 7.96 7.9 0.31 15.0 33 

0.125 1 7.93 8.6 0.23 16.4 32 7.61 5.1 0.21 16.3 32 7.99 8.9 0.21 14.2 33 7.98 7.4 0.20 15.4 33 8.01 8.1 0.35 15.3 34 
2 7..59 5.0 0.21 16.2 32 7.99 9.0 0.24 14.2 33 7.95 7.2 0.24 15.2 33 8.01 8.1 0.40 15.2 34 
3 7.76 7.2 0.22 16.0 32 8.01 9.1 0.23 14.2 33 7.97 7.2 0.20 15.4 33 8.03 8.2 0.48 15.4 34 
4 7.64 5.6 0.19 16.2 32 8.01 9.1 0.23 14.3 33 7.97 7.0 0.19 15.2 33 8.00 8.1 0.53 15.3 34 
5 7.86 7.3 0.19 16.2 32 8.03 9.1 0.23 14.2 33 8.04 7.0 0.21 15.3 33 8.08 8.0 0..51 15.2 34 

0.25 1 7.83 8.6 0.47 16.5 32 7..58 4.6 0.35 16.0 32 7.94 9.0 0.37 13.9 34 7.90 7.2 0.34 15.3 33 7.97 8.1 0..53 14..5 36 
2 7.65 4.7 0.36 16.0 32 8.04 8.8 0.37 14.0 33 8.01 7.3 0.33 15.3 33 8.10 8.0 0.62 14.7 35 
3 7.62 4.6 0.35 16.0 32 8.CJ1 8.9 0.36 14.3 33 8.03 7.3 0.37 15.4 33 8.10 8.2 0..57 14.9 34 
4 7.67 4.7 0.34 15.9 32 8.03 9.0 0.36 14.4 33 7.92 7.3 0.36 15.4 33 8.03 8.2 0.66 15.1 34 
s 7.67 4.8 0.34 16.0 32 8.08 9.1 0.36 14.3 33 8.05 7.2 0.37 15.3 33 8.11 8.3 0.61 14.9 35 

0.5 1 7.63 8.5 0.92 16.4 32 7..50 1.2 0.74 16.5 32 
2 7..50 0.9 0.67 16.6 32 
3 7.52 0.8 0.76 16.6 32 
4 7.51 1.3 0.75 16.6 32 
5 7..57 1.0 0.66 16.6 32 

1 7.33 8.5 1.98 16.4 31 7.45 0.8 1.58 16.5 32 
2 7.46 0.9 1.62 16.5 32 
3 7.47 0.6 1.59 16.5 32 
4 7.48 0.8 1.54 16.4 32 
5 7.46 0.8 1.63 16.2 32 

2 1 6.99 8.1 3.95 16.5 31 7.41 0.6 3.18 16.2 32 
2 7.40 0.4 3.20 16.2 32 
3 7.48 0.6 3.12 16.0 32 
4 7.41 0.8 3.15 16.I 32 
5 7.45 0.8 3.19 16.2 32 

Min 6.99 8.1 <0.10 16.4 31 7.40 0.4 o.rn 15.9 32 7.82 8.7 0.08 13.9 33 7.78 6.6 <:0.10 15.2 33 7.81 7.2 0.09 14..5 33 
Max 8.02 8.6 3.95 16.5 32 8.05 8.3 3.20 16.9 32 8.08 9.1 0.37 14.7 34 8.05 7.4 0.37 15.5 33 8.11 8.3 0.66 15.7 36 

Note: - ,. All animals dead. 



APPENDIX TABLE 10 (Cont'd) 

CiJharlchfh:,s slig,,uuus 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dales: 10/26-111130/94 
HSW-2 

Concentration Day0 Day 1 Day2 Day3 Day4 
(%) Rei! j!H DO NH3 •c Sal j!H DO NB3 ·c Sal j!H DO NH3 •c Sal j!H DO NH3 'C Sal j!H DO NHJ •c Sal 

0.06 8.00 8.5 0.19 16.5 32 7.76 7.0 0.20 16.5 32 8.03 9.2 0.17 14.8 32 8.07 7.4 0.17 15.5 33 8.09 8.2 0.17 15.5 33 
2 7.84 7.2 0.17 16.4 32 8.03 9.1 0.17 14.4 33 8.04 7.2 0.16 15.4 33 8.08 8.3 0.20 15.5 33 
3 7.84 7.2 0.18 16.3 32 8.02 9.1 0.18 14.2 33 8.05 7.2 0.18 15.5 33 8.08 8.3 0.21 15.3 34 
4 7.75 6.2 0.17 16.4 32 8.00 9.0 0.18 14.2 33 8.01 7.0 0.17 15.5 33 8.06 8.2 0.19 15.2 34 
5 7.79 6.6 0.18 15.9 32 8.04 8.9 0.18 14.5 33 8.05 7.1 0.19 15.4 33 8.10 8.2 0.23 14.4 36 

0.125 7.94 8.6 0.30 16.5 32 7.70 6.4 0.27 16.2 32 7.99 8.9 0.26 14.2 33 8.02 7.5 0.21 15.4 33 8.06 8.3 0.31 15.3 34 
2 7.81 6.2 0.27 16.3 32 8.03 9.1 0.27 14.3 33 8.04 7.3 0.25 15.4 33 8.09 8.1 0.34 15.3 34 
3 7.81 6.0 0.27 16.4 32 8.04 9.2 0.26 14.3 33 8.05 7.2 0.25 15.5 33 8.10 8.3 0.29 15.3 34 
4 7.58 6.1 0.29 15.9 32 8.04 9.2 0.26 13.8 33 8.06 7.2 0.27 15.3 33 8.11 8.3 0.31 14.8 35 
5 7.76 6.2 0.29 15.9 32 8.06 9.2 0.25 13.8 33 8.07 7.2 0.27 15.3 33 8.13 8.3 0.34 14.8 34 

0.25 7.79 8.6 0.62 16.4 32 7.7,0 4.2 0.57 15.9 32 7.94 9.2 0.47 13.9 33 8.00 7.4 0.44 15.2 33 8.05 8.3 0.47 14.9 34 
2 7.70 4.5 0.58 15.9 32 7.91 8.9 0.47 13.8 33 7.96 7.2 0.41 15.3 33 8.02 8.2 0.49 14.9 34 
3 7.64 4.6 0.55 15.9 32 7.98 8.8 0.47 13.8 33 7.99 7.2 0.41 15.3 33 8.07 8.0 0.41 14.8 34 
4 7.61 4.6 0.53 16.1 32 7.89 8.8 0.46 14.0 33 7.92 7.3 0.40 15.3 33 8.00 8.1 0.47 15.2 34 
5 7.59 4.6 0.52 16.2 32 7.92 8.8 0.47 14.2 33 7.91 7.2 0.43 15.3 33 7.98 7.9 0.49 15.2 34 

0.5 1 7.54 8.7 1.24 16.5 32 1ST 1.6 1.07 16.2 32 7.97 8.7 0.87 14.0 33 8.04 7.0 0.79 15.4 33 8.08 8.2 0.74 14.9 34 
2 7.49 1.8 !.16 16.2 32 
3 7.54 1.8 1.09 16.2 32 
4 7.56 1.8 1.08 16.2 32 
5 7.57 1.9 1.03 16.3 32 8.05 8.8 0.86 14.2 33 8.09 7.0 0.83 15.4 33 8.15 8.2 0.69 15.0 35 

1 7.23 8.6 2.41 16.5 32 7.61 0.9 210 16.2 32 
2 7.62 0.9 224 16.3 32 
3 7.54 1.0 222 16.4 32 
4 7.54 0.8 231 15.8 32 
5 7.5L 0.8 231 15.7 32 

2.0 1 6.86 8.3 5.15 16.5 31 7.80 0.6 4.88 15.8 32 
2 7.56 0.6 4.47 15.9 32 
3 7.60 0.8 4.65 15.9 32 
4 7.60 0.8 4.40 16.0 32 
5 7.56 0.6 4.32 16.2 32 

Min 6.86 8.3 0.19 16.4 31 7.49 0.6 0.17 15.7 32 7.89 8.7 0.17 13.8 32 7.91 7.0 <0.10 15.2 33 7.98 7.9 0.19 14.4 33 
Max 8.00 8.7 5.15 16.5 32 7.84 7.2 4.88 16.5 32 8.06 9.2 0.87 14.8 33 8.09 7.5 0.83 15.5 33 8.15 8.3 0.74 15.5 36 

Note: - = All animals dead. 



APPENDIX TABLE 11 

CiJharichlhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % 'Ye> 

(%) Rep Added Dayl Day 2 Day3 Day4 Survival Survival 

Control 1 IO IO IO 10 10 100 
2 10 IO 10 10 10 100 
3 10 10 10 10 10 100 
4 IO 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.06 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.25 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 IO 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.5 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 IO 0 0 
5 10 0 0 0.0 

1 1 10 0 0 
2 10 0 0 
J 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 11 (Cont'd) 

CiJharichJhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.06 1 10 10 IO IO 10 100 
2 10 10 IO 10 IO 100 
3 10 10 10 IO IO 100 

4 10 10 10 IO 10 100 
5 10 IO 10 IO 10 100 100.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 IO IO 100 
5 IO 10 9 10 IO 100 100.0 

0.25 1 10 10 10 10 10 100 
2 10 10 10 10 IO 100 
3 10 10 IO 10 10 100 
4 10 10 10 10 10 100 
s 10 10 10 10 10 100 100.0 

0.5 1 10 4 2 2 2 20 

:? 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 2 2 2 2 20 8.0 

1 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

2 ll 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
,,. _, 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 12 

Citharichthys stigmaeus 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 
(mglL) Rep pH DO oc Sal pH DO oc Sal 

Control 1 7.93 9.4 15.4 31 7.75 5.0 Nf Nf 
2 7.73 4.8 Nf Nf 
3 7.69 4.8 Nf Nf 

1.6 1 7.94 9.4 15.2 31 7.62 4.0 Nf NT 
2 7.68 4.4 Nf NT 
3 7.70 4.4 Nf NT 

3.1 1 7.95 9.4 15.2 31 7.59 4.1 Nf NT 
2 7.61 4.3 Nf NT 
3 7.64 4.4 Nf NT 

6.25 1 7.95 9.4 15.2 31 7.42 2.1 Nf NT 
2 7.72 2.1 Nf NT 
3 7.75 2.2 Nf NT 

12.5 1 7.96 9.4 15.2 31 7.42 2.0 Nf NT 
2 7.59 2.1 Nf NT 
3 7.56 2.1 Nf NT 

25 1 7.96 9.4 15.2 31 7.40 2.0 Nf NT 
2 7.43 2.0 Nf NT 
3 7.48 2.0 Nf Nf 

Min 7.93 9.4 15.2 31 7.40 2.0 
Max 7.96 9.4 15.4 31 7.75 5.0 

Note: Nf = Not taken. 



APPENDIX TABLE 13 

Citharichthys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Conctintration lnltlal % % 

(mg/L) Rep Added Dayl Survival Survival 

Control l 6 6 100 
2 6 6 100 
3 6 6 100 100.0 

1.6 l 6 6 100 
2 6 6 100 
3 6 6 100 100.0 

3.1 l 6 5 83 
2 6 5 83 
3 6 5 83 83.3 

6.25 l 6 0 0 
2 6 0 0 
3 6 0 0 0.0 

12.5 l 6 0 0 
2 6 0 0 
3 6 0 0 0.0 

25 l 6 0 0 
2 6 0 0 
3 6 0 0 0.0 



Appendix 7 
Laboratory Results Submitted by ABT-Third Test 



RESULTS OF BIOASSAYS CONDUCTED ON 
TWO HIGH·STRENGTH WASTE SAMPLES 

FROM THE VAN CAMP AND STARKIST TUNA CANNERIES 
IN AMERICAN SAMOA 

Prepared for: 

CH2M Hill California, Inc. 
1111 Broadway 

Oakland, CA 94607 
Project# PDX 30702 

Prepared by: 

Advanced Biological Testing Inc. 
98 Main St.,# 419 

Tiburon, Ca. 94920 

July 10, 1995 

Ref: 9309-8 
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1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia and Citharichthys stigmaeus using high 

strength wastes (HSW) collected separately from the Stark.isl (HSW-l) and Van Camp (HSW-2) 

tuna canneries in American Samoa. The study was run using methods generally specified in 

EPA 1991 and in a Sampling and Testing Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 
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2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on June 23, 1995 by personnel from the 

two canneries. Due to shipping and airline scheduling problems, frequently encountered in this 

region, the sample was received by the laboratory on June 26, 1995. A single gallon carboy was 
provided from each cannery and were labeled at ABT as HSW-1 (HSW-SKS Grab) and HSW-2 

(Pipeline Sludge HS-W2, Van Camp). Samples were maintained in ice-filled coolers from the 

date of sampling until laboratory receipt. The samples were at 2-3 °C upon receipt and were 

stored at 4 °C until use. 

2.2 SAMPLE PREPARATION AND TEsTING METHODS 

2.2.1 Testing on the speckled sanddab, Citharichthys sti.gmaeus 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on June 25, 1995. 

The test conditions are summarized in Table I. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily. Parameters measured 

included dissolved oxygen, pH, salinity, total ammonia, and temperature. In agreement with the 

EPA regarding the proposed testing concentrations, the high strength wastes were tested at six 

concentrations starting from 2.0% and dropping using a 50% dilution factor. The final 

concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as vol:vol dilutions in seawater. The 

diluent was filtered seawater from San Francisco Bay. The dilutions were brought up to the test 

temperature (17 ± 2°C) and aerated continuously. These effluents have an extremely high 

biological oxygen demand, the ref ore aeration was carried out from the beginning of the test. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/L in 30 ppt seawater in a 24 hour test. 
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2.2.2 Testing on the mysid, Mysidopsis bahia 

The bioassay was carried out on 3-5 day old larval Mysidopsis bahia, supplied by Aquatox from 

Hot Springs, Arkansas. The animals were received at ABT on June 27, 1994. The test conditions 

for this test are summarized in Tab!e 2. Five replicates of each concentration were tested with ten 

larval mysids per replicate. Water quality was monitored daily as initial quality on Day O and 

final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, salinity, 

total ammonia, and temperature. In agreement with the EPA regarding the proposed testing 

concentrations, the high strength wastes were tested at six concentrations starting from 2.0% and 

dropping using a 50% dilution factor. The final concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, 

and 0.06% as vol:vol dilutions in seawater. The diluent was filtered seawater from San Francisco 

Bay The dilutions were brought up to the test temperature (16 ± 2°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 40, 20, 10, 5, 2.5 and 1.25 mg/Lin 30 ppt seawater in a 96 hour test 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the testing, the survival data were evaluated statistically using ToxCalc™ to 

determine ECp, NOEC, and LOEC values where appropriate. ToxCalc ™ is a comprehensive 

statistical application that follows standard guidelines for acute and chronic toxicity data 

analysis. Data were evaluated statistically to estimate the LC50 values for the tests using the 

Linear Interpolation (Bootstrap) or Trimmed Spearman-Karber methods. 
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3.1 Initial Effluent Quality 

3.0 
RESULTS 

The two High Strength Wastes were tested for basic water quality parameters upon receipt at the 

laboratory. HSW-1 had a dissolved oxygen level of 0.8 mg/L; a pH of 6.49; a salinity of 23 ppt; 

and a total ammonia level of 380 mg/L. HSW-2 had a dissolved oxygen level of 1.4 mg/L; a pH 

of 6.71; a salinity of 17 .0 ppt; and a total ammonia level of 220 mg/L. 

3.2 Citharichthys sti.gmaeus 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.396% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity again occurred in the first 24 hours. There was significant 

mortality at 2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC 

was 0.25% and the LOEC was 0.5%. 

The LC50 for HSW-2 was 0.626% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity occurred in the first 24 hours. There was significant mortality at 

2.0, LO, and 0.5% concentrations compared to the control at 96 hours. The NOEC was 0.25%, 

and the LOEC was 0.5%. 

The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LC50 of 4.05 mg/L, an NOEC of 3.2 mg/L, and an LOEC of 6.25 mg/L. This is the 

fifth reference toxicant test on Citharichthys at this laboratory, and the current laboratory mean is 

3.95 mg/L (SD = 0.26 mg/L). The results are within one standard deviation of the laboratory 

mean, indicating a normally sensitive population. 
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3.3 Mysidopsis bahia 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.675%. At 96 hours, there was significant mortality at concentrations 

to 0.25% compared to the control. The NOEC was 0.125% and the LOEC was 0.25%. 

The LC50 for HSW-2 was 0.625%. again there was significant mortality at 96 hours in the 2.0, 

1.0 and 0.5% concentrations compared to the control. The NOEC was 0.25%, and the LOEC was 

0.5%. 

The reference toxicant test had an LC50 of 17 .18 mg/L, with an NOEC of IO mg/L and an LOEC 

of 20 mg/L. This is the tenth reference toxicant test on Mysidopsis at this laboratory, and the 

current laboratory mean is 14.29 mg/L (SD= 4.11 mg/L). The results are within one standard 

deviation of the laboratory mean, indicating a normally sensitive population. 

3.4 AMMONIA MEASUREMENTS 

Total ammonia in both of the HSW samples was very high. When measured in a 25% dilution in 

seawater, ammonia levels ranged from 55 to 95 mg/L. When converted to the 100% 

concentration, the ammonia level would be from 220 - 380 mg/L. The measured amount of total 

ammonia in the 2.0% concentrations on Day O in HSW-1 was 6.61 mg/L, and in HSW-2, 

4.3 mg/L. In the 1.0% concentrations the total values were 3.32 mg/L and 2.10 mg/L 

respectively. These levels would be consistent with observed toxicity. 
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TABLEl 

Bioassay Procedure And Organism Data 

For the Acute Bioassay 

Using Citharichthys stigmaeus (U.S. EPA 1991) 

Parameter 
Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Species 
Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

950626-1 (HSW-1 ), 950626-2 (HSW-2) 

6/23/95 

6/26/95 

One gallon 

4 °C in the dark 

Citharichthys stigmaeus 

J. Brezina and Associates 

TomalesBay 

June 25, 1995 

48 hours 

34 ppt seawater 

11 ± 2°c 

Juveniles, 3-5 cm TL 

96 hour static acute, renewal at 48 hours 

6/27/95 to 7/1/95 

Bodega Bay seawater 

11 ± 2°c 

16 L: 8 D 

34±2 ppt 

10 L polyethylene chamber 

10 animals/replicate 

5L 
5 

None 

None 
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TABLE2 

Bioassay Procedure And Organism Data 

For the Acute Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 
Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Species 
Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation TemperatureJSalinity 

Age group 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

950626-l(HSW-l), 950626-2 (HSW-2) 

6/23/95 

6126195 

One gallon 

4 °C in the dark 

Mysidopsis bahia 

Aquatox, Arkansas 

6/27/95 

None 

Shipping water 

20 ± 2°C/30-32 ppt salinity 

3-5 day old larvae 

Acute; static; renewal at 48 hours 

6/27/95 to 7/1/95 

San Francisco Bay seawater 

11 ± 2°c 

14 L: 10 D 

34± 2 ppt 

1000 mL jars 

10 animal/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

None 
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Species 

Citharichthys 

Mysidopsis 

Sample 

HSW-1 

HSW-2 

Advanced !Eiological 'Il'esting Inc. 

TABLE4 

Summary Of Effluent Toxicity 

and 

Results of the Reference Toxicity Testing 

LCSQ 

0.3959% 

0.6262% 

Ref Tox (SDS) 4.057 mg/L (acceptable) 

HSW-1 

HSW-2 

Ref Tox (SDS) 

0.675% 

0.625% 

17.18 mg/L (acceptable) 

8 

95% Confidence Limits 

0.368% -0.426% 

0.569% -0.689% 

3.51-4.69 mg/L 

0.563% -0.764% 

0.549% -0.692% 

Not calculated 
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4.0 
REFERENCES 

U.S. EPA. 1991. Methods for measuring acute toxicity of effluents to freshwater and marine 

organisms, 4th ed. EPA 600/4-90/027, September, 1991. 
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ANALYTICAL DATA 



Concentration Day 0 
(%) Rep pH DO NH3 °C Sal 

Control 

0.06 

0.125 

0.25 

2 

3 
4 

5 

2 
3 
4 

5 

2 

3 
4 

5 

2 
3 
4 

5 

8.07 9.1 16.4 33 

8.03 9.0 0.25 16.3 34 

7.99 9.1 0.48 16.2 34 

7.90 9.0 0.94 16.2 34 

0.5 1 7.83 9.0 1.80 16.2 34 
2 

3 
4 
5 

7.52 8.8 3.42 16.2 34 
2 

3 
4 
5 

2 7.46 8.8 6.60 16.2 34 

Min 
Max 

2 

3 
4 
5 

7.46 8.8 0.25 16.2 33 
8.07 9.1 6.60 16.4 34 

Note: - = All animals dead. 

APPENDIX TABLE 1 

CJtJu,rld,Jh,s stig1IIMJlS 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TESr 
Study Dates: ur,. 7/1/95 

Day 1 
pH DO NH3 °C Sal 

8. 14 8.0 <0.01 15.8 34 
8.aJ' 7.8 <0.01 15.7 34 
8.01 7.2 <0.01 15.7 34 
8.0l!: 7.8 <0.01 15.6 34 
8.11 7.8 <0.01 15.6 34 

7.88 7.2 0.17 15.7 34 
7.99 7.8 0.19 15.5 34 
7.95 7.8 0.17 15.6 34 
7.97 7 .8 0.20 15..'i 34 
7.92 7.4 0.18 15.5 34 

7.80 6.6 0.29 15..'i 34 
7.84 6.8 0.28 15..'i 34 
7.80 6.6 0.28 •15.6 34 
7.90 6.4 0.29 15.4 34 
7.75 5.4 0.30 15..'i 34 

7.68 6.6 0.52 15.8 34 
7.62 5.8 0.52 15.7 34 
7.54 4.8 0..'il 15.8 34 
7.55 4.8 0.52 15.7 34 
7.57 6.0 0..'i 1 15.7 34 

7.54 4.4 1.20 15.7 34 
7.48 4.3 1.19 15.7 34 
7.45 4.4 1.22 15.6 34 
7.52 4.1 1.18 15.7 34 
7.56 4.0 1.20 15.6 34 

7.45 2.3 2.75 15.7 34 
7.41 0.8 2.78 15.6 34 
7.39 1.2 2.72 15.6 34 
7.40 0.4 2.73 15.1 34 
7.41 0.4 2.73 15.7 34 

7.43 1.0 5.87 15.7 34 
7.50 2.8 5.84 15.4 34 
7.45 0.8 5.79 15.5 34 
7.45 3.2 5.80 15.5 34 
7.52 2.4 5.88 15.6 34 

7.39 0.4 <0.01 15. I 34 
8.14 8.0 5.88 15.8 34 

BSW-1 

Day2 
pH DO NH3 °C Sal 

8.15 7.3 0.14 18.0 34 
8.08 7.2 0.13 17.9 34 
7.98 6.6 0.14 17.9 34 
8.09 7.2 0.14 17.8 34 
8.12 7.2 0.14 17.9 34 

7.99 6.8 0.21 17.9 34 
8.09 6.9 0.24 I 7.8 34 
8.08 7. I 0.20 I 7.9 34 
8.09 7.2 0.26 17.9 34 
8.04 7.2 0.22 17.8 34 

8.02 6.8 0.30 I 7.8 34 
8.04 7.0 0.33 17.8 34 
8.02 7.0 0. 31 17.9 34 
8.09 7.2 0.32 17.6 34 
7.96 6.6 0.32 17.9 34 

8.06 
8.03 
7.97 
7.95 
8.01 

6.8 0.48 18.0 34 
6.8 0.48 18.0 34 
6.6 0.46 18.0 34 
6.6 0.56 18.0 34 
6.8 0.47 17.9 34 

7.90 6.0 1.00 18.0 34 
7.85 5.9 1.08 18.0 34 
7.88 6.0 1.02 17.9 34 
7.86 5.6 1.02 18.0 34 
7.95 6.4 0.83 17.9 34 

7.85 5.6 0.13 17.6 34 
8.15 7.3 1.08 18.0 34 

Day3 
pH DO NH3 °C Sal 

8. 15 8.6 0.24 17.9 34 
8.08 8.4 0.22 17.8 34 
7.96 7.6 0.22 17.8 34 
8.11 8.4 0.22 17.7 34 
8.12 8.4 0.21 17.9 34 

7.92 7.6 0.32 18.0 34 
8.09 8.2 0.35 17.9 34 
8.03 8.2 0.33 18.2 34 
8.09 8.2 0.40 17.7 34 
8.02 8.2 0.32 17.7 34 

8.04 8.2 0.41 17.8 34 
8.06 8.2 0.49 17.9 34 
8.04 8.2 0.45 17.9 34 
8. 13 8.2 0.44 17.8 34 
7.96 8.2 0.46 18.2 34 

8.03 8.0 0.57 18.0 34 
8.01 8.0 0.59 18.0 34 
7.96 7.8 0.55 18.0 34 
7.95 7.6 0.55 17.9 34 
7.99 7.8 0.58 18.0 34 

8.03 7.9 0.93 18.0 34 

7.92 7.6 0.21 17.7 34 
8.15 8.6 0.93 18.2 34 

Day4 
pH DO NH3 •c Sal 

8.18 7.6 0.31 18.3 35 
8.13 7.6 0.31 18.3 35 
7.97 6.8 0.32 18.2 35 
8.12 7.5 0.32 18.2 36 
8.14 7.5 0.31 18.3 35 

7.96 7.tJ' 0.45 18.4 37 
8.13 7.6 0.49 18.3 38 
8.06 7.3 0.50 18.6 37 
8.12 7..'i 0.55 18.0 38 
8.05 7.4 0.48 18.0 37 

8.06 7.4 
8.10 7.4 
8.07 7..'i 
8.15 7.4 
8.02 6.9 

8.09 7.4 
8.07 7.3 
8.00 7.2 
7.99 7.0 
8.05 7.0 

0.61 18.6 37 
0.68 18.2 37 
0.63 18.4 36 
0.64 18.2 38 
0.65 18.6 37 

0.84 18.4 37 
0.84 18.4 36 
0.83 18.4 38 
0.92 18.4 36 
0.82 18.4 36 

8.06 7.2 1.19 18.3 37 

7.96 6.8 0.31 18.0 35 
8.18 7.6 1.19 18.6 38 



APPENDIX TABLE 1 (Cont'd) 

Cilharlehlh:pslif-,u 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dates: 611:1 • 711/95 

BSW-2 

Concentration DayO Dayl Day2 Day3 Day4 

('kl R!J! J!B DO NH3 •c Sal J!D DO NH3 •c Sal J!D DO NH3 ·c Sal J!D DO ND3 •c Sal J!D DO NH3 ·c Sal 

0.06 8.02 9.0 0.17 16.3 34 7.98 7.6 0.20 15j 34 8.06 7.0 0.19 17.9 34 7.99 8.2 0.34 17.8 34 8.08 7.3 0.47 18.S 37 

2 8.04 7.6 0.20 15.2 34 8.13 7.2 0.19 17.7 34 8.13 8.3 0.29 17.6 34 8.17 7.4 0.42 17.9 38 

3 8.05 7.8 0.20 15.2 34 8.14 7.3 0.19 17.7 34 8.13 8.4 0.29 17.6 34 8.15 7.6 0.41 18.0 37 

4 8.00 7.6. 0.19 15.4 34 8.06 7.1 0.19 17.9 34 8.06 8.4 0.29 17.8 34 8.07 7.3 0.41 18.2 37 

s 7.94 7.6 0.18 15.3 34 8.02 6.8 0.20 17.9 34 8.01 8.2 0.37 17.9 34 !l.04 7.4 0.47 18.2 37 

0.125 1 8.05 9.2 0.29 16.2 34 7.98 7.6 0.29 15.4 34 8.13 7.2 0.28 17.9 34 8.11 8.2 0.42 17.9 34 8.15 7.4 0j3 18.2 38 

2 7.93 7.5 0.19 15.4 34 8.08 7.1 0.25 18.0 34 8.07 8.4 0.36 18.0 34 8.09 7.5 0.48 18.5 37 

3 7.91 6.4 0.21 15.6 34 8.09 7.2 0.25 18.3 34 8.07 8.2 0.34 18.2 34 8.10 7.4 0.45 18.6 37 

4 7.78 7.4 0.22 15.5 34 7.99 6.6 0.25 IS.I 34 7.94 7.6 0.35 18.0 34 7.94 6.6 0.45 18.3 37 

s 7.88 4j 0.22 15.5 34 8Jl6 7.0 0.23 18.0 34 8.04 8.2 0.34 18.0 34 8.08 7.3 0.43 18.3 36 

o.25 7.98 9.1 0.62 16.2 34 7.74 4.8 0.38 15j 34 8.01 6.6 0.37 18.0 34 7.94 8.2 0.52 18.0 34 8.03 7.! 0.64 18.2 36 
2 7.78 5.8 0.38 15.3 34 8.07 7.0 0.34 18.0 34 8.03 8.0 0.48 17.9 34 8.11 7.2 0.58 18.2 37 

3 7.77 5.8 0.36 •tS.3 34 8.05 7.0 0.35 18.0 34 8.01 8.2 0.49 17.9 34 8.06 7.2 0.60 18.2 37 

4 7.77 5.9 0.37 15.2 34 8.06 6.7 0.38 17.9 34 8.02 8.0 0.56 17.7 34 8.10 7.1 0.70 18.0 37 

s 7.83 6.6 0.38 15.2 34 8.10 7.0 0.36 17.8 34 8.07 8.2 0.55 17.6 34 8.14 7.5 0.62 17.9 37 

o.s 1 7.91 9.0 1.18 16.0 34 7.79 5.6 0.78 15.2 34 8.09 7.0 0.58 17.9 34 8.07 8.2 0.74 17.7 34 8.13 7.5 0.89 18.0 38 
2 7.78 6.0 0.79 15.0 34 8.11 7.1 0.58 17.6 34 8.09 8.4 0.72 17.9 34 8.15 7.5 0.88 18.2 38 
3 1.59 6.0 0.84 l.5j 34 8.06 7.0 0.61 18.l 34 8.08 8.2 0.74 18.0 34 8.12 7.4 0.88 18.3 36 
4 7.69 4.9 0.82 15.4 34 8.05 6.8 0.64 18.2 34 8.05 8.0 0.77 18.0 34 8.12 7.2 0.99 18.2 37 
5 7.73 5.3 0.81 15.3 34 8.09 6.8 0.57 18.2 34 8.07 8.0 0.75 18.0 34 8.14 7.2 0.86 18.3 37 

1 7.63 9.0 2.21 16.0 34 7.64 1.0 1.39 15.4 34 
2 1.59 I.I 1.37 15.5 34 
3 7.52 0.8 1.79 15.5 34 
4 7.48 0.6 1.70 15.4 34 
s 7.47 1.0 1.71 15.4 34 

2.0 1 7.42 8.6 4.33 16.0 34 7.44 0.6 3.60 15.4 34 
2 7.43 0.6 3.54 15.3 34 
3 7.45 0.4 3.39 15.2 34 
4 7.44 0.6 3.25 15.0 34 
s 7.47 0.6 3.35 15.1 34 

Min 7.42 8.6 0.17 16.0 34 7.43 0.4 0.18 15.0 34 7.99 6.6 0.19 17.6 34 7.94 7.6 <0.10 17.6 34 7.94 6.6 0.41 17.9 36 
Max 8.05 9.2 4.33 16.3 34 8.05 7.8 3.60 15.6 34 8.14 7.3 0.64 18.3 34 8.13 8.4 0.77 18.2 34 8.17 7.6 0.99 18.S 38 

Note: - = All animals dead. 



APPENDIX TABLE 2 

Cilluuichlh:,s stigmaeus 

SURVIVAL DATA FOR EFFLUENT TEST 
HSW-1 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Dav3 Dav4 Survival Survival 

Control 1 10 10 9 9 9 90 

2 10 10 10 10 10 100 

3 10 10 10 10 10 100 

4 10 10 10 10 10 100 

5 10 10 10 10 10 100 98.0 

0.06 Jl 10 10 10 10 10 100 

2 10 10 10 10 10 100 

3 10 10 10 10 9 90 
4 10 10 10 JO 10 100 

5 10 10 10 10 10 100 98.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 9 9 90 
3 10 10 10 10 10 100 

4 10 10 10 10 10 100 
(' ., 10 10 10 10 10 100 98.0 

0.25 l 10 10 10 10 10 100 
., 
,j, 10 9 9 9 9 90 
3 10 10 10 10 10 100 

4 10 10 10 10 10 100 

s 10 10 10 10 10 100 98.0 

0.5 l 10 9 0 0 

2 10 10 0 0 

3 IO 8 0 0 
4 10 10 0 0 
s IO 8 8 8 8 80 16.0 

1 1 10 0 0 

2 10 0 0 

3 10 0 0 
4 10 0 0 

5 10 0 0 0.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Note: - = All animals dead 



APPENDIX TABLE 2 (Cont'd) 

Cilnarichlhy~ mgmaeus 
SURVIVALDATAFOREFFLUENTTEST 

HSW-2 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.06 1 10 10 10 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 9 90 96.0 

0.125 1 10 10 10 10 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 9 90 
5 10 9 9 9 8 80 92.0 

0.25 1 10 10 10 10 10 100 
2 10 10 JO 10 10 100 
3 10 10 9 9 8 80 
4 10 9 9 9 8 80 
5 10 9 9 9 9 90 90.0 

o.s 1 10 10 10 10 8 80 
2 JO 10 10 10 JO 100 
3 10 10 9 9 9 90 
4 JO 10 10 10 10 100 
5 JO 9 9 9 9 90 92.0 

1 1 10 0 0 
2 10 0 0 
3 JO 0 0 
4 10 0 0 
5 10 0 0 0.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 3 

Cilharichthys stigmaeus 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Dayl 
(mg/L) Rep pH DO oc Sal pH DO oc Sal 

Control 1 8.03 9.0 16.8 34 7.55 5.0 16.2 34 
2 7.55 5.0 16.2 34 
3 7.55 5.0 16.2 34 

1.6 1 8.03 9.0 16.9 34 7.53 4.9 16.1 34 
2 7.51 4.9 16.2 34 
3 7.53 4.8 16.2 34 

3.1 1 8.03 8.9 17.0 34 7.49 4.8 16.2 34 
2 7.44 4.8 16.2 34 
3 7.49 4.7 16.2 34 

6.25 1 8.04 8.8 16.7 34 7.49 4.7 16.2 34 
2 7.50 4.7 16.2 34 
3 7.57 4.7 16.2 34 

12.5 1 8.05 8.8 16.7 34 7.44 4.5 16.2 34 
2 7.39 4.6 16.2 34 
3 7.36 4.7 16.2 34 

25 1 8.05 8.8 16.6 34 7.33 4.8 16.2 34 
2 7.32 4.9 16.2 34 
3 7.30 4.9 16.3 34 

Min 8.03 8.8 16.6 34 7.30 4.5 16.1 34 
Max 8.05 9.0 17.0 34 7.57 5.0 16.3 34 



APPENDIX TABLE 4 

CitharichJhys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Day 1 Survival Survival 

Control 1 4 4 100 
2 4 4 100 
3 4 2 50 83.3 

1.6 1 4 4 100 
2 4 4 100 
J' 4 3 75 91.7 

3.1 1 4 3 75 
2 4 3 75 
3 4 3 75 75.0 

6.25 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 

12.5 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 

25 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 



Concentration Day 0 
(%) Rep pH DO NH3 ·c Sal 

Control 

0.06 

0.125 

0.25 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

0.5 1 
2 
3 
4 
5 

1 1 
2 
3 
4 
5 

2.0 1 

Min 
Mu 

2 
3 
4 
5 

8.07 9.0 17.1 34 

8.02 9.0 0.25 17.9 34 

7.96 8.8 0.48 18.0 34 

7.90 8.8 0.94 18.0 34 

7.92 8.8 1.80 17.9 34 

7.74 8.6 3.41 17.9 34 

7.63 8.8 6.60 17.6 34 

7.63 8.6 0.25 17.1 34 
8.07 9.0 6.60 18.0 34 

Note: - = All animals dead. 

APPENDIX TABLE 5 

M1•ldop•u l,aJwi 

WATER QUAUTY MEASUREMENTS FOREFn.lJENTTEST 
Study Dala: 6/r7 • 111195 

Day 1 
pH DO NH3 °C Sal 

8.11 
8.14 
8.13 
8.14 
8.16 

7.98 
8.<D6 
8.11)4 
8.106 
8.12 

7.78 
7.73 
7.'~8 
8.1)2 
7.'14 

8.0 <0.01 16.5 34 
8.0 16.3 34 
8.0 16.3 34 
8.0 16.4 34 
8.0 16.4 34 

7.8 0.11 16.2 34 
7.8 16.1 34 
7.8 16.0 34 
7.8 16.1 34 
8.0 16.1 34 

6.2 0.22 16.2 34 
6.2 • 16.2 34 
7.8 16.1 34 
7.8 16.0 34 
7.6 16.2 34 

7.75 7.1 0.41 16.2 34 
7.112 7.5 16.2 34 
7.116 7.4 16.1 34 
7.'15 7.6 16.1 34 
7.!X> 7.4 16.2 34 

7.1!0 6.9 0.81 16.3 34 
7.112 7.3 16.2 34 
7.'.74 6.2 
7.f,6 5.5 
7.71 6.2 

16.2 34 
16.1 34 
16.2 34 

7.64 2.8 1.91 16.3 34 
7.64 3.4 
7.65 3.6 
7.63 3.2 
7.li4 3.6 

16.2 34 
16.2 34 
16.3 34 
16.2 34 

7.416 1.2 3.51 16.5 34 
7.414 1.0 16.3 34 
H5 2.0 16.2 34 
7.!iO 2. 7 16.2 34 
7.4,6 0.6 16.4 34 

7.414 0.6 <0.01 16.0 34 
8.16 8.0 3.51 16.5 34 

HSW-1 

Day2 
pH DO NH3 "C Sal 

8.25 
8.23 
8.17 
8.22 
8.24 

8.10 
8.17 
8.13 
8.18 
8.22 

8.16 
7.95 
8.10 
8.18 
8.14 

7.4 18.2 34 
7.4 0.02 18.3 34 
7.4 183 34 
7.4 183 34 
7.4 18.2 34 

7.2 18.3 34 
7.2 0.08 18.2 34 
7.2 18.2 34 
7.2 18.2 34 
7.3 18.2 34 

7.2 18.2 34 
5.9 0.15 18.2 34 
7.0 18.l 34 
7.2 18.2 34 
7.2 18.3 34 

8.04 7.0 18.2 34 
8.10 7.0 0.32 18.2 34 
8.13 7.2 18.1 34 
8.20 7.4 
8.12 7.2 

8.20 7.2 

18.2 34 
183 34 

18.2 34 
8.22 7.2 0.63 18.0 34 
8.17 7.1 18.0 34 
8.20 7 .2 18.2 34 
8.20 7.2 183 34 

8.12 6.6 18.4 34 
8.14 
8.15 
8.11 
8.13 

6.6 1.32 18.4 34 
6.7 18.3 34 
6.6 18.4 34 
6.6 18.5 34 

7.95 5.9 0.02 18.0 34 
8.25 7.4 1.32 18.5 34 

Day3 
pH DO NH3 •c Sal 

8.17 
8.18 
8.09 
8.24 
8.28 

8.14 
8.18 
8.12 
8.17 
8.22 

8.13 
7.90 
8.14 
8.18 
8.16 

8.4 
8.6 
8.6 
8.6 
8.6 

8.6 
8.6 
8.6 
8.6 
8.7 

8.6 
8.6 
8.4 
8.6 
8.6 

8.10 8.5 
8.14 8.4 
8.13 8.6 
8.22 8.6 
8.14 8.6 

18.0 34 
18.0 34 

0.03 18.1 34 
18.1 34 
18.0 34 

0.11 

18.0 34 
18.0 34 
17.9 34 
17.9 34 
17.9 34 

18.0 34 
17.9 34 

0.22 17.9 34 
17.8 34 
17.9 34 

18.0 34 
17.9 34 

0.47 17.8 34 
17.7 34 
17.9 34 

8.25 8.6 18.0 34 
8.28 8.6 17.9 34 
8.23 8.6 0.83 17 .9 34 
8.26 8.6 17.9 34 
8.30 8.6 17.9 34 

8.23 
8.26 

8.29 

8.6 
8.6 

8.6 

18.2 34 
1.54 18.0 34 

18.1 34 

7.90 8.4 0.03 17.7 34 
8.30 8. 7 1.54 18.2 34 

Day4 
pH DO NH3 "C Sal 

8.20 
8.20 
8.13 
8.20 
8.26 

8.11 
8.15 
8.11 
8.15 
8.20 

8.13 
8.00 
8.10 
8.17 
8.14 

7.7 
7.7 
7.7 
7.6 
7.7 

7.4 
7.6 
7.5 
7.5 
7.6 

7.6 
6.6 
7.5 
7.5 
7.6 

8.08 7.5 
8.11 7.4 
8.12 7.4 
8.20 7.5 
8.14 7.6 

18.3 36 
18.4 36 
18.4 35 

0.06 18.5 35 
18.3 36 

18.4 35 
18.2 36 
18.2 35 

0.14 18.2 36 
18.2 36 

18.4 35 
18.2 35 
18.2 35 

0.26 18.2 35 
18.3 35 

18.4 35 
18.2 35 
18.2 35 

0.51 18.2 35 
18.3 35 

8.23 7 .4 18.4 35 
8.23 7.3 18.3 35 
8.26 7.4 18.2 35 
8.21 7.4 0.93 18.3 35 
8.25 7.4 18.3 36 

8.24 
8.29 

8.31 

7.3 
7.4 

7.3 

18.5 35 
18.4 35 

1.61 18.4 35 

8.00 6.6 0.06 18.2 35 
8.31 7.7 1.61 18.5 36 



APPENDIX TABLE 5 (Conl'd) 

M_uldop•u bahia 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dam: 6/r7 - 7/1/95 
HSW-2 

Concentration DayO Day 1 Day2 Day3 Day4 

!~l Rg? l!H DO NH3 ·c Sal l!H DO NH3 °C Sal l!H DO NH3 •c Sal l!H DO NH3 ·c Sal !!H DO NH3 ·c Sal 

0.06 8.01 9.0 0.17 18.6 34 8.07 7.8 0.19 16.5 34 8.22 7.1 18.4 34 8.18 8.4 18.0 34 8.22 7.7 18.5 35 

2 8.07 7.6 16.4 34 8.18 7.2 0.09 18.4 34 8.15 8.6 18.0 34 8.16 7.6 18.4 35 

3 8.10 7.8 16.4 34 8.20 7.3 18.4 34 8.18 8.6 0.12 17.9 34 8.18 7.6 18.3 35 

4 8.12 7.8 16.3 34 8.22 7.4 18.3 34 8.20 8.6 17.9 34 8.20 7.7 0.15 18.2 35 

5 8.16 7.8 16.3 34 8.24 7.4 18.3 34 8.22 8.6 18.0 34 8.23 7.7 18.3 35 

0.125 1 8.02 9.0 0.29 18.6 34 8.12 7.8 0.20 16.4 34 8.23 7.4 18.4 34 8.20 8.6 17.9 34 8.22 7.7 18.4 35 

2 8.14 7.8 16.4 34 8.25 7.3 0.12 18.3 34 8.20 8.6 17.9 34 8.25 7.8 18.3 35 
3 8.05 7.6 16.3 34 8.18 7.2 18.3 34 8.13 8.6 0.18 17.9 34 8.16 7.6 18.2 35 

4 8.09 7.8 16.2 34 8.20 7.3 18.2 34 8.20 8.6 17.9 34 8.22 7.6 0.20 18.2 35 
5 8.12 7.8 16.2 34 8.24 7.4 18.2 34 8.21 8.6 17.9 34 8.23 7.6 18.2 35 

0.25 7.97 9.0 0.62 18.6 34 7.93 7.0 0.36 16.4 34 8.16 7.2 18.4 34 8.11 8.4 17.9 34 8.18 7.6 18.4 35 
2 7.92 7.4 • 16.3 34 8.17 7.2 0.25 18.3 34 8.14 8.4 17.9 34 8.22 7.6 18.2 35 
3 7.92 7.3 16.2 34 8.18 7.2 18.3 34 8.12 8.4 0.36 17.9 34 8.21 7.6 18.2 35 
4 8.02 7.4 16.2 34 8.22 7.4 18.2 34 8.12 8.5 17.9 34 8.25 7.6 0.41 18.2 35 
5 8.01 7.6 16.2 34 8.24 7.4 18.2 34 8.21 8.6 17.9 34 8.25 7.7 18.2 35 

0.5 7.94 9.0 1.18 18.6 34 7.93 6.8 0.62 16.4 34 8.26 7.3 18.3 34 8.22 8.6 17.9 34 8.27 7.6 18.3 36 
2 7.90 6.4 16.3 34 8.25 7.3 0.51 18.3 34 8.20 8.4 17.9 34 8.27 7.6 18.2 35 
3 7.86 6.1 16.2 34 8.22 7.2 18.3 34 8.20 8.6 0.64 17.9 34 8.26 7.5 18.2 35 
4 7.80 4.8 16.3 34 8.22 7.2 18.2 34 8.18 8.5 17.9 34 8.26 7.6 0.73 18.2 35 
5 7.75 4.7 16.2 34 8.18 7.2 18.2 34 8.04 8.4 17.9 34 8.17 7.6 18.2 35 

1 I 7.84 8.8 221 18.6 34 7.77 6.4 1.33 16.4 34 8.23 7.2 18.3 34 8.27 7.9 17.9 34 8.28 7.4 18.3 35 
2 7.66 5.0 16.3 34 8.15 7.0 1.06 18.3 34 8.26 8.3 17.9 34 8.27 7.4 18.3 35 
3 7.69 6.2 16.3 34 8.18 7.0 18.3 34 8.29 8.4 1.19 17.9 34 8.29 7.4 18.2 35 
4 7.70 5.4 16.2 34 8.20 7.0 18.2 34 8.26 8.6 17.9 34 8.24 7.2 1.36 18.2 35 
5 7.68 5.8 16.2 34 8.19 7.0 18.2 34 8.27 8.6 17.9 34 8.23 7.2 18.2 35 

2.0 7.72 8.6 4.33 18.5 34 7.64 1.6 280 16.4 34 8.22 7.0 18.4 34 
2 7.(IJ 0.6 16.3 34 8.16 6.1 226 18.3 34 
3 7.62 1.6 16.3 34 8.16 6.7 18.3 34 
4 7.58 0.4 16.3 34 8.12 6.4 18.3 34 
5 7.55 0.4 16.3 34 8.11 6.2 18.2 34 

Min 7.72 8.6 0.17 18.5 34 7.55 0.4 0.19 16.2 34 8.11 6.1 0.09 18.2 34 8.04 7.9 0.12 17.9 34 8.16 7.2 0.15 18.2 35 
Max 8.02 9.0 4.33 18.6 34 8.16 7.8 2.80 16.5 34 8.26 7.4 2.26 18.4 34 8.29 8.6 1.19 18.0 34 8.29 7.8 1.36 18.5 36 

Note: - = All animals dead 



APPENDIX TABLE 6 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Dav4 Survival Survival 

Control 1 10 9 9 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 98.0 

0.06 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.125 1 10 9 9 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 9 9 9 9 90 96.0 

0.25 1 10 10 * * 7 70 
2 10 10 * * 10 100 
3 10 10 * * 8 80 
4 10 9 * * 6 60 
5 10 10 * * 10 100 82.0 

0.5 1 10 * * * 5 50 
2 10 * * * 7 70 
3 10 * * * 7 70 
4 10 * * * 10 100 
5 10 * * * 8 80 74.0 

1 1 10 * 0 0 
2 10 * * * 2 20 
3 10 * * * 0 0 
4 10 * 0 0 
5 10 * * * 0 0 4.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 
• Sample too turbid to do counts. 



APPENDIX TABLE 6 (Cont'd) 

Mysidopru bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Dav4 Survival Survival 

0.06 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 9 9 90 
5 10 10 9 9 9 90 96.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 9 90 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 98.0 

0.25 1 10 • • 10 10 100 
2 10 • • 10 9 90 
3 10 • • 10 10 100 
4 10 • • 9 9 90 
5 10 • • 10 10 100 96.0 

0.5 1 10 • • • 5 50 
2 10 • • • 6 60 
3 10 • • • 7 70 
4 10 • • • 7 70 
5 10 • • • 6 60 62.0 

1 1 10 • • • 10 
2 10 • • • 0 0 
3 10 • • • 2 20 
4 10 • • • 0 0 
5 10 • • • 2 20 10.0 

2 1 10 • 0 0 
2 10 • 0 0 
3 10 • 0 0 
4 10 • 0 0 
5 10 • 0 0 0.0 

Notes: - = All animals dead. 

• Sample too turbid to do counts. 



APPENDIX TABLE 7 

Mysidopsis bahia 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 Day2 Day 3 Day 4 
(mg/L) Rep pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal 

0.7 1 8.07 9.0 17.5 34 8.11 7.8 16.5 34 8.09 6.8 18.6 34 7.98 7.8 18.4 34 7.77 6.3 18.7 35 
2 8.10 7.8 16.3 34 8.08 6.8 18.5 34 8.00 8.0 18.2 34 7.82 6.5 18.6 35 
3 8.10 7.7 16.2 34 8.07 6.6 18.4 34 8.00 8.0 18.0 34 7.84 6.4 18.5 35 

1.25 1 8.08 9.0 17.6 34 8.07 7.3 16.4 34 8.04 6.4 18.5 34 7.97 8.0 18.2 34 7.84 6.5 18.6 35 
2 8.08 7.3 16.4 34 8.05 6.6 18.5 34 7.98 7.8 18.2 34 7.85 6.4 18.6 35 
3 8.08 7.3 16.2 34 8.06 6.6 18.4 34 7.98 7.8 18.l 34 7.85 6.4 18.6 35 

2.5 1 8.08 9.2 17.6 34 8.05 7.0 16.4 34 8.03 6.6 18.5 34 7.96 7.8 18.2 34 7.86 6.2 18.5 35 
2 8.04 6.8 16.3 34 8.03 6.6 18.5 34 7.97 7.8 18.l 34 7.87 6.3 18.5 35 
3 8.04 6.8 16.2 34 8.04 6.6 18.5 34 7.98 7.8 18.1 34 7.87 6.3 18.5 35 

5 1 8.08 9.2 17.6 34 7.99 6.0 16.5 34 7.96 6.0 18.5 34 7.89 7.0 18.2 34 7.84 5.8 18.6 35 
2 7.98 5.8 16.4 34 7.96 6.0 18.5 34 7.90 7.1 18.l 34 7.80 5.7 18.5 35 
3 7.98 5.8 16.2 34 7.98 6.2 18.5 34 7.92 7.3 18.1 34 7.81 5.8 18.5 35 

10 1 8.08 9.2 17.6 34 7.93 5.0 16.5 34 7.87 5.2 18.6 34 7.87 7.3 18.2 34 7.82 6.0 18.6 35 
2 7.92 5.1 16.3 34 7.83 5.2 18.5 34 7.86 7.3 18.1 34 7.85 6.3 18.5 35 
3 7.92 4.9 16.2 34 7.83 5.1 18.5 34 7.87 7.4 18.l 34 7.86 6.5 18.5 34 

20 1 8.09 9.2 17.6 34 7.92 4.9 16.4 34 7.73 4.8 18.6 34 7.75 5.8 18.3 34 7.79 6.1 18.6 34 
2 7.93 4.9 16.4 34 7.69 4.7 18.5 34 7.70 5.3 18.2 34 7.75 6.1 18.6 34 
3 7.93 5.0 16.2 34 7.68 4.8 18.5 34 7.68 5.1 18.2 34 7.74 6.0 18.5 34 

Min 8.07 9.0 17.5 34 7.92 4.9 16.2 34 7.68 4.7 18.4 34 7.68 5.1 18.0 34 7.74 5.7 18.5 34 
Max 8.09 9.2 17.6 34 8.11 7.8 16.5 34 8.09 6.8 18.6 34 8.00 8.0 18.4 34 7.87 6.5 18.7 35 

Note: - = All animals dead. 



APPENDIX TABLE 8 

Mysidopsis bahia 
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 

Concentration lnJtial % % 

(mg/L) Rep Added Dayl Dav2 Dav3 Dav4 Survival Survival 

0.7 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 9 9 90 96.7 

1.25 1 10 10 10 10 10 100 
2 10 10 10 9 9 90 
3 10 10 10 10 10 100 96.7 

2.5 1 10 10 10 10 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 96.7 

5 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 96.7 

10 1 10 10 10 9 8 80 
2 10 10 10 10 10 100 
3 10 10 10 8 8 80 86.7 

20 1 10 2 1 1 1 10 
2 10 7 6 6 6 60 
3 10 8 3 3 3 30 33.3 

Note: - = All animals dead. 
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APPENDIX 8 

MATHEMATICAL MODELING 

OF FISH WASTE DISPOSAL IN DEEP WATER 

FINAL 
ENVIRONMENTAL IMPACT STATEMENT 

FOR THE DESIGNATION 
OF AN OCEAN DISPOSAL SITE FOR FISH CANNERY WASTES 

OFF TUTUILA ISLAND, AMERICAN SAMOA 
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1. INTRODUCTION 

The purpose of this study is to predict the fate of fish processing 

wastes which are discharged at the present dumpsite off Tutuila Island, 

American Samoa in the South Pacific. The center point of the 1.5 nautical 

mile (n mi) diameter dumpsite is located at 110°40.87'W and 14°22.18'S. 

and is about 3.3 n mi due east of Sail Rock Point on Tutuila Island. 

The preferred dumpsite selected in the FEIS is located at 

170°38.30'W and 14°24.00'S, southeast of the present site. The ■odel 

studies in this section were performed using the present site and known 

oceanographic conditions and waste characteristics, but the results are 

equally applicable to the preferred site under present waste loadings. / 

The waste is expected to undergo rapid initial mixing after 

discharge. Since the gross bulk density of the fish waste is between 0.72 

and 0.99 gm/ml, the majority of the plume will remain near the ocean 

surface invnediately after being discharged from the ship. Since the model 

developed by Koh and Chang (1973) was designed to simulate disposal of 

wastes that are heavier than the sea water, a new mathematical model has 

been formulated specifically for this study to predict the fate of the 

floating plume. This model can simulate the diffusion (lateral and 

vertical) and settling of the waste particles while the plume 1s advected 

in the direction of the ambient current. Most of the data used in the 

simulations were obtained from the reports published by Soule and Oguri 

(1983 and 1984) but subsequent monitoring data in 1987 and 1988 (See 

Appendix A) are consistent with the previously published data. The 

results of the simulations are presented in terms of dilution as a 

function of time a.fter discharge, and/or distance and time from the 

discharge location. The simulations have been performed for two density 
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profiles (summer and winter), three ambient currents (0.2, 0.4, and 0.8 

knots), and three particle settling velocities (1. 0.1, and 0.01 cm/sec). 

The waste plume is advected downstream by the ambient current. The 

direction of the ambient current varies with the season and the time of 

measurement. Some drogue ~.tud1es by Soule and Oguri (1984) indicate 

movement toward the southwest direction while some 1987 current meter data 

indicate movement 1n the northwest direction. A close examination of the 

current direction based on the data published in the U.S. Navy Marine 

Climatic Atlas of the World (1979) for the region under study also 

indicates a SW direction. The prevailing south equatorial current 

indicates the direction is from SE toward NW. In order to cover several 

possible scenarios several current directions are used for simulation. 

Since no data were ascertained for the settling velocity of the 

waste particles of the Samoa plant, velocities of 1, 0.1, and 0.01 cm/sec 

have been used in the calculations to cover the possible range of settling 

velocities. It is possible to distinguish the waste particles into three 

categories according to the density of the particles: (a) particles that 

are buoyant will form a thin layer floating at the ocean surface; Cb) 

particles that are neutrally buoyant will be mixed and dispersed within 

the mixed layer (the mixed layer is the surface layer of the ocean 

extending from the ocean surface to the thermocline); (c) particles that 

are heavier than sea water will sink as the layer of waste particles is 

advected by the ambient current. 

2. DEVELOPMENT OF MATHEMATICAL MODEL 

Based on the data contained in Soule and Oguri (1983), the bulk 

densities of the fish processing wastes generated by Star-Kist Samoa and 

Samoa Packing are 0.72 to 0.96 gm/ml and 0.99 gm/ml, respectively. Recent 
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data on the specific gravity tests of the cannery waste provided to us on 

November 13, 1987 indicate a range of 0.99 to 1.923 gm/ml have been 

measured. Thus the possible settling velocity of the particulates in the 

plume is covered in our range of simulation. The tuna fish waste dis

charged from the ship is predominantly buoyant in sea water. Irrmediately 

after being discharged by the vessel pumps it undergoes rapid, near field, 

initial mixing similar to mixing in a jet. Because the discharge vessel 

circles around within the discharge zone, it is reasonable to assume that 

this nearfield mixing process, in combination with the ship's track and 

the prevailing current, would (1) establish an initial zone of width Land 

depth H within which th~ mean concentration is Co, and (2) the plume would 

drift downstream emanating from this initial zone. The dimension L would 

be expected to be aoproximately the turning diameter of the d1scharge 

ship. The concentration Co would correspond to the dilution obtained by 

the discharge jet as it is propelled downward and then returns towards the 

surface. The dimension H would be obtained such that where Q is the 

UL H Co = Q ( 2. 1 ) 

discharge rate of the tuna fish waste and U is the magnitude of the 

prevailing current. It can be visualized that the initial plume to be 

advected by the ambient current has a concentration Co with the plume 

width Land the plume depth extending from the ocean surface downward by a 

value of H. 

Each discharge episode·would have a duration T. We sha 11 assume 

that the prevailing current can be regarded as constant during that time. 

Then a plume of length UT would be generated as a result of the discharge 

episode. 

Along the len~1th of the plume, the concentration would decrease from 
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Co due to lateral mixing. Longitudinal diffusion will be probably small. 

Diffusion of waste effluent in an ocean current was analyzed by 

Brooks (1960), taking into account the increase of the eddy diffusivity as 

the waste field spreads. 

The basic differential equation, based on the principle of conserva

tion of mass, for the substance being diffused is: 

( 2. 2) 

where the spatial coordinate x represents longitudinal direction (in the 

direction of ambient current) and y represents the lateral direction. The 

three terms in the above equation represents the rates of concentration 

decay per unit volume due to lateral diffusion, longitudinal advection and 

apparent dieoff respectively. 

Incorporating an exponential decay term to take care of the d1eoff 

term in Equation 2.2 such as 
, -Kx/U 

C = <f e (2.3) 

would transform the equation into a simpler differential equation 

E.~ = u ~ 
)y ox (2.4) 

The function¢ is the concentration without any dieoff effect; it is a 

function of x and y. 

An additional change of variable: t= [of(x) and dx' = f(x)dx would al low 

one to transform Equation 2.4 to the classical heat equation as follows: 

u 21. 
ax 

where £:,,. is the eddy diffusivity at x=O. 

(2.5) 

An exact solution to Equation 2.5, therefore, Equation 2.2 can easily be 

found as: 
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C(x,y) = 
-Kx/Ull Coe 2 

2,J1Tc,,t' _.fl. e 

(:J-::()2 
- 4£,t' 

dy (2.6) 

z 

in which t = x' /Uhas been used, Co is the initial waste concentration at 

x=0, for -b/2 < y < b/2. 

The integral in Equation 2.6 can be arranged to become the well known 

error function defined as 

erf z ~ ( 2 / ,,fff )1 :xp ( - ~
2

) d ~ ( 2. 71 

We further introduce the concentration Cmax(x) as the concentration of the 

waste plume at y=0 and neglect the dieoff effect ( i.e. set k=0.), this 

would yield a conservative estimation. We also assume that the lateral 

diffusivity can be expressed as 

4/3 
A L ( 2. 8) 

where L is a length parameter proportional to the lateral width of the 

plume and A is a proportionality constant. 

Thus, the maximum concentration at the center line of the plume can be 

simplified to be 

Cmax , • 5 
= erf{ [ --------- )1/2 } (2.9) 

Co (1 + 8 At/ L213)1 - 1 

The error function in Equation 2.9 has been defined in Equation 2.7, and t 
\ 

- is defined as x/U with x denoting the distance downstream from the initial 

dumping location. 

For the waste with settling velocity Ws, it can be readily 

visualized that the combination of lateral diffusion, downstream advection 

by current, and settling can be schematised to a very good approximation 

by taking an x~ coordinate inclined to the original downstream x 

coordinate by an angle O = tan- 1(Ws/U), as shown in Figure 2-1. 
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X 

u 

////////// // / 77 ,/// // //// 

Figure 2-1. Definition sketch of the longitudinal direction 
with the effects of settling velocity. 
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Physically we are simply following the particles down with a velocity Ws 

while they are being advected downstream at speed U. The reduction in 

concentration still obeys the same formula as in Equation 2.9 except that 

the velocity along >(' should be u" Jcu2 + ws 2). But t = x/U = x' ;u' and 

hence the evaluation of Equation 2.9 needs only to be performed once for 

all Ws. Only the vertical location needs to be changed for each of the 

particle classes with differing fall velocities. 

The effect of vertical diffusion can be incorporated approximately 

by deducing a concentration reduction factor based on vertical diffusion. 

For this purpose we assume Fickian diffusion with a diffusion coefficient 

Kv. Then it can be readily deduced that the concentration reduction 

factor due to vertical diffusion is approximately 

H/4 
(2.10) 

The quantity in the denominater is simply the characteristic 

vertical dimension (standard deviation) of the plume whose initial 

dimension is H/4. Combining this with the reduct~;.,n due to 

diffusion gives 

Cmax H/4 1.5 
= erf{ [ )1/2 } 

Co (2Kvt+H2/16)112 ( 1 + 8At/L211 )3 - 1 

where the. vertical location of the centroid y is 

y = Ws t = Ws X / u 

lateral 

(2.11) 

(2.12) 

The above formulation retains all the essence of the complicated 

diffusion process in an ocean current. It is believed that this model 

provides a good and valid estimate of the mixing, transport, and diffusion 

of the tuna fish waste. 

3. RESULTS OF MATHEMATICAL MODELING 
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Tbe mathematical model developed in Section 2 was used to simulate 

the fate of the discharged fish processing wastes with the available data. 

The data used in the simulations are first presented. Then the results 

are presented in terms of dilution as a function of time after discharge 

and distance from the discharge location. According to Fischer et a 1. 

(1979), dilution usually is defined as the ratio of the total volume of a 

sample to the volume of effluent contained in the sample. Thus the volume 

fraction of effluent in a sample is equal to the reciprocal of dilution. 

3.1 Data used for Simulations 

The following input data are obtained from Soule and Oguri ( 1983): 

Ambient Current Velocity 

Ambient Density Profiles 

Dumpsite Water Depth 

Discharge Rate 

Sludge Bulk Density 

Sludge Tank Capacity 

Dump Vessel Key Dimensions 

0 to 0.8 knots 

summer. winter 

1.46 km (800 fathoms) 

500 to 1400 gpm 

(1.89 cum/min to 5.30 cu m/minl 

0. 72 to 0.96 gm/ml 

0.99 gm/ml 

Star-k.ist 

Van Camp 

24000 gal (90.85 cu ml 

Length= 
Beam = 
Draft = 

49.0 m 
8. 1 m 
3.35 m 

The radius of the dumping circle circumscribed by the dump vessel 1s 

0.2 n mi. Also, the pumping rate of the sludge is 140 gpm per knot of 

vessel speed which can go up to 10 knots. Thus, for our s1mulation a range 

of discharge rates between 500 gpm and 1400 gpm is used. The discharge of 

the fish waste is completed within a time period during which the current 

direction does not change. For example, with the sludge tank capacity of 

24,000 gallons and the discharge rate of 500 gpm the estimated discharge 
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period would be 48 minutes. It is reasonable to assume that the direction 

of the current would not be altered during this period. 

Data of the ambient current velocity in the vicinity of the dumpsite 

are also available from the drogue and waste plume tracking studies 

conducted by Soule and Ogun (1984) and 1987 permit monitoring data. 

According to the drogue tracking studies, the speed of the surface current 

ranges from 0.39 tc> 0.94 knots. The waste plume was observed to move at 

an average soeed of 0.67 knots. These values of the ambient current soeed 

are in good agreement with the values (0.4 to 0.8 knots) published 1n the 

U.S. Navy Marine Climatic Atlas of the World (1979). The preva1l,nq 

surface current patterns in the South Pacific Ocean for the summer ana 

winter seasons are shown in Figures 3-1 and 3-2, resoectively. Therefore. 

current speeds of 0.2, 0.4, and 0.8 knots have been used in the 

simulations. 

Two ambient density profiles have been used in the simulations to 

account for the summer and winter seasons. Typical sea water temperature 

and salinity profiles for the summer and winter seasons are shown in 

Tables 3-1 and 3-2, respectively. These profiles were obtained from Soule 

and Oguri ( 1983) who conducted cruise studies in the vicinity of the 

dumpsite. As shown in Table 3-1, the temperature data were obtained to a 

water depth of 24. 5 m. However, a thermoc 1 i ne wou 1 d be present in the 

summer season. Hence, a thermocline is assumed to be present at a water 

depth of about 100 - 200 m based on the data available for the Southern 

Pacific Ocean. The sea water temperature profile for the summer season 

looks like this: 

0 to 100 m 
100 to 200 m 
below 200 m 

same as shown in Table 3-1 
a temperature gradient of e0 c / 50 m 
a temperature gradient of 1.2°c / 50 m 
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Table 3-1 

Star-Ki~t - Van Camp 
CRUISC: NOM-OHPI\-AHERICJ\11 SAMOA VE:S:;:::L: 1\11":"~LC 01\T:C:: 21 Jan. 198::? 

WEATl!CR: See Cruise Report: Si:,\ s7,;7S: See Cru.tse Report. T:DC: High; li'lO, 2 .Gft. 

St.a ti on Depth Time Temp Sal DO pH \T S<! ::::hi FU NHJ BOD roe DO 
m oc 01

00 
mg/t m \-19- '.lt:./Z mq/l mg/t 1-1.:..,kler 

TP05 0 1045 29.8 36.) 5.9 8.4 55 ) 6 4 .5 S.4 

J 29.9 36.8 6.1 8. 4 85 ).5 5.4 

6 29.5 37 .0 6.1 8. 4 90 5.6 

10 29.4 37.0 6.1 8.4 96 ) 5.5 

15 29.4 6.0 8.5 98 

u:, 
TS06 0 1115 29.5 J6.l 5.7 8.4 87 4 4 5. -I I 

....... 
N 

J 29.S J6.5 5. 5 8.4 86 5.7 

6 29.4 JG.5 5.8 8.4 91 5.B 

lO 29.4 JG.B 6.0 0.5 95 5.6 

15 29.4 5.8 A.5 % 

TS07 0 llJ5 29.4 J6.6 5.7 8.4 90 7 J 7.5 5.6 

3 29.S 36.6 6.0 8.4 BB 5 5.4 

6 29.S J6.7 5.7 8.4 91 6 5.6 

10 29.5 JG.9 5.8 8.4 92 5.5 5.7 

15 29.S 5.8 B.5 94 

20 29.4 5.8 8.5 9) 
' 

24.5 29.4 5.8 8.5 9J 



Table 3-2 

CRUISE: NOAA-OMPA-Star-i<.i.st Samoa vsss;:;:.: Autele DAT'.::: 23 July 19B2 

1-lCATll[;H: Hot, calm with gusts, 2-6k Si:.\ s-r;.Tc: Long swells, B-lOft T!DL:: Low 15 30, -o. 5 ft 

Station Depth Tue Temp Sal DO [)H \T Sc c::!1i FU NHJ BOD TCC 

(Ma!)/Si te) m 0 C o/ 
00 

mq/l m \JIJ-at/L mq/l mg/l 

TS E 0 ll4l 2B.37 34 .2B 6.68 8.27 3 6 
(6) 

3 28. 33 34. 30 6.64 8.26 

6 2B.25 34. 32 6.68 8.26 

10 2B.24 34. 32 6.65 8. 26 

15 20.24 34. 33 6.66 8.27 

20 2B.23 34. 35 6 .6 3 8.27 

* (7) 
co 

TS F 0 115 7 28.59 34 .25 6.62 8.25 I ...... 
(8) w 

3 2B .29 34. J l 6.66 8.26 

6 28 .2':> 34. Jl 6.41 8.26 

10 28 .25 34. 22 6.H tL27 

15 2B.25 34. 32 6 .51 8.27 

20 28.25 34. 32 6 .H B.27 

TS G 0 1:06 28 _.;4 )4 .27 6.62 B.25 14 3 
(9 I 

3 28 .. H 34. JO 6.6~ B . .:6 

6 2B.:6 34. 20 6.oo B . .::7 

10 28. 24 34. 21 6.5] B . .: 7 

1..5 28.24 24. 21 6 ... :;: B . .: 7 

20 2B . .:-1 )4. J l 6 .41 e . .: 7 

.-I 1151 d:-::igues onl'/ 
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For water depths below 100 m, the temperature gradients have been 

estimated from the data shown in Figure III.11, of this volume. A 

temperature profile as shown in Table 3-2 has been assumed for the winter 

season. The temperature gradient is about 0.5°c per 30.5m. 

3.2 Results of Simulations 

Before the simulations were performed, parameters such as A, Co, Kv, 

and Lin Equation 2.11 need to be calculated or chosen. The parameter A 

is a constant calied the dissipation parameter. The constant A relates the 

lateral diffusivity to the plume width parameter as defined in Equation 

2.8. The emoirical value of A in the ocean environment is generally from 

0.1 to 0.0001 ft 213 /sec. (See Koh & F-an 1970, page 129 for presentation 

of such data). For the study site the exact value of A is not known. 

Therefore, a median value in the range Just cited can be assumed. The 

value of A chosen for this simulation is 0.001 ft 213 /sec Since the exact 

va 1 ue varies from day to day and it a 1 so depends on the currents in the 

study site, this chosen value is believed to be reasonable. More precise 

value may be obtained by field experiments. 

The initial mean concentration Co of the fish wastes discharged into 

the ocean water through the disposal ship must be estimated based on the 

discharge rate. This value corresponds to the dilution obtained at the 

wake of the discharge ship and it can be estimated by the formula 

developed by Koh and Chang (1973). In their analysis they first assumed 

that the pumping rate of the waste material is such that the waste 

material is completely mixed into the wake by the turbulence without 

altering the wake flow pattern. Secondly, the effect of surface waves can 

be disregarded so that the flow pattern can be approximated from the 

analysis of the jet and wake flows. Thirdly, they assumed that the flow 
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oattern-approaches a similarity form at a certain distance from the 

discharge point. Based on the given information of the discharge vessel 

and the assumptions involved in deriving the Koh and Chang formula, the 

initial mean concentration. Co. can be estimated by the following formula: 

Q 

Co = ------------- ( 3. 1 i 
1.814 1't R2 V 

where Q 1s the discharge rate of the fish waste from the discharge pipe. 

R 1s a character1st1c length of the body which 1s chosen as the 

geometric mean of the half beam and the draft of the discharge vessei 

(i.e. [(ship draft) (haif beam)] 112 . 

V is the relative velocity between ship and ambient current. 

It should be noted that based on Equation 3.1 the scale of the mixing 

zone in the wake is prooortional to the characteristic dimension of the 

discharge vessel which is reasonable. 

The vertical diffusion coefficient Kv can be evaluated by the formu

lation of Koh and Fan (1970) 

and 

Kv = 10-4 / E 

E = 
d 

e_ dy 

where E = sea water density gradient 

( = sea water density 

y = water depth (meters) 

(sq cm/sec) ( 3. 2) 

t 3. 3 l 

From the temperature profiles develooed in Section 3. 1, the vaiues of Kv. 

as shown in Table 3-·3. are calculated as a function of water depth for the 

summer and winter seasons. 

The width L of the initial plume is exoected to be aoproximately 

twice the turning radius of the discharge ship. Since the turning radius 
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Table 3-3. Vertical Diffusion Coefficient. 

Kv (sq cm/sec) 
---------------

Depth (m) summer Winter 
--------- ------ ------

0 - 100 7.8 17.3 

100 - 200 1.2 17.3 

> 200 7.3 17.3 
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of the cfisposal vessel is 0.2 n mi (370.5 m), Lis taken to be 741 m. 

The results of the simulations are presented in terms of dilution of 

the fish wastes as a function of time after discharge and distance from 

the discharge location.· Dilution is reciprocal of the product of Co and 

Cmax/Co. This value gives an indication of the volume fraction of fish 

waste in the water sample after the waste plume has traveled for a certain 

distance from the discharge location. S rnce no data have been obtained 

for the settling velocity of the Samoa waste particles. velocities of 1. 

0.1, and 0.01 cm/sec have been used in the calculations to cover the 

possible range of settling velocities which is a function of the densitv 

of the waste material relative to the sea water density. The grouo of 

results with settling velocities of 0.01, 0.1, and 1.0 cm/sec would 

correspond to the particles that are floating on the ocean surface, 

neutrally buoyant in sea water and heavier than sea water respectively. 

The behavior of the particles with a settling velocity of 0.1 cm/sec is 

similar to that of neutrally buoyant particles and thus they are advected 

by the ambient surface and near surface currents. 

The settling tank experiments reported by Soule and Oguri (1983) 

indicate that 30% of the fish waste being studied had a fall velocity 

greater than zero, 7% of the wastes had a fall velocity greater than 0.059 

cm/sec and only 0.5% of the waste had a fall velocity greater than 0.24 

cm/sec. Therefore the range of fall velocity used for the oresent study is 

reasonable. In fact, the fall velocity of 0.01 cm/sec would be the most 

representative value; thus, when discussing the simulated results. 

attention is directed toward the fall velocity of 0.01 cm/sec. 

The computer model results are oresented in tabular form in Tables 

3-4 to 3-7 using the dimensions given for the dump vessel. Tables 3-4 and 
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Table 3-4. Results of Summer Waste Dilution, Q = 500 gpm. 

(1) (2) (3) (4) ( 5) (6) ( 7) (8) (9) (10) (11) (12) (13) 

Viall = l c1/s Viall = e. t u/s Viall = 8.01 c ■ /s 

------------------------- ·-----·-----------·-- ·-------~--------------
Tihrl l In mi I U!Hl Co Yl !11! C•ax /Co Ratio Y2(1I C■a1 /Co R.ttio Y31tl C11ax/Co Rdt l[) 

--------

5.0 I.II , .000222 !Bil.I! .esrn .33 1B.B .8~999 .36 LB .em9 .36 .. 
7.5 J.5 • 2 • 000222 210.e .03'242 .56 27.! .ems .59 2.7 .ems Si 

12. 0 2.0 .2 .000222 368.0 .02172 .83 311.B • 82852 .BB 3.6 • 02052 .65 
12.s 2.5 .2 • e002:::2 450.0 .81562 !. 15 45.e .81482 1.22 4.5 .81482 1.22 
l 5. il 3.B . 2 .0im22 SU.I.\ • 01179 l.53 54.0 .01133 I. 59 5. ~ .llll22 I.bl 
Ji.5 • C 

~. J • 2 .iliicm 630. e .00922 1.95 63.0 .eem 1. re 6.3 .ll6Be0 2.05 
20.0 ~.0 . 2 .0B~222 i20.0 .i.\i!HI 2.43 72.ll .118805 2.24 7.2 • 013789 2.54 

, ~ 

•• ::i u . ~ .eo~m '10.0 .05794 • 31 9.1.l .85835 • ~-1:i • 9 .0srn • 36 
3.7 I. 5 . ~ .Brem 135.0 .03798 .47 13.S .rn3B .53 I. 3 .rn3il .53 
5.0 2.0 • 4 .lii:li.1222 1s0.e .l.l2i26 .66 10. e . 02507 • 72 1.8 .02507 . 72 
6.3 2.5 . 4 • 000222 225. 0 .02067 .87 22.S .eme .94 2.2 .01920 . :;~ 
7.5 u • 4 .et10222 271!.i • illl:i27 1. II 27.0 .!1522 1.18 2.7 .111522 I. IB 
8.6 3.~ • 4 .800222 315.il .Ill 317 I. 37 31.5 .61238 I. 4b 3.1 .012}8 1.46 

Jr. 0 u • 4 .em22 360.0 • Bl0E9 1.65 36,0 .01828 J. 75 3.6 .01828 l. 75 

1.2 1.6 .8 .l'irnm 45.0 .0~2~7 .~3 4.5 .1!4207 .n . 5 .04:'i1i ·1 . ~ . 
1.9 1.5 .8 . et1em 67.5 .03532 • 51 I,, 8 .03!83 • 57 . 7 .031e3 .57 

.:;; 2.5 2.0 .8 .11m22 9@.a .ll?BS? .63 9.0 -~2521 • 7! • 1 .11252! . 71 
3. 1 2.5 .8 • {1!!0222 112. 5 • 02287 .79 11.3 .1!205B .ea I.I .m5B .B8 
3.7 3.~ • 6 • 0v0222 m.0 .01883 .% IJ.5 .Wl7 1. es 1.3 • 017 l 7 1.05 
u 3. 5 . 8 .0iem 157.5 .01585 !. 14 15.8 .rns1 l. 24 I.I: .01457 1.24 
5.0 4.0 .B . 000222 180. 0 .01355 1.3} 18.ll .01254 1.44 1.8 .01254 u~ 
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Table 3-5. Results of Summer Waste Dilution, Q = 1400 gpm. 

Tlhrl Y.ln 1d) U!Ul 

u 
i.5 

1U 
! 2. 5 
l S. il 
l i. 5 
2U 

3. 7 
5.~ 
6. 3 
i.5 
u 

JU 

Li 

i.1 
2.5 
3. i 

~- I 

4.~ 

:.2 

I. il 
u 
u 
2.5 
3.e 
3.5 
4,0 

u 
2.5 
3.0 
3.5 
u 

u 
1.5 
2. fi 
2.5 
::.~ 
;., 5 
4.~ 

• 2 

• L 

. 2 

. 2 
• 2 

. 8 

. 8 
• E 
. a 
,5 
. 8 
. a 

Co 

. ~0~621 

. ii0B1i21 

. irnern 

.rnl:21 

.fi6il621 

. ~2~1i21 

. 0056,1 

.0ee121 

. e01li12l 

.00E621 

.0001121 
• 000621 
.000621 
.00~621 

. 0~1.1621 

.000621 

.e0~1i21 

. r~e62l 
• B0~1:2l 
. ~il06, l 
. 05~1,:;1 

Viall = I c1/s 

YI !1111 CmadCo Ratio 

!80.0 .05423 
270.~ .03242 
36il.0 .il21i2 
450.il .01562 
540.il .0117? 
63B.il .02,22 
7'!11.ll .i\0741 

9~. 0 
135.il 
180.0 
225.0 
270. 0 
315.0 
360.0 

.~5795 

. 03799 

. 02727 

.02067 

.01627 

.01317 

. 01089 

45.il .ems 
67. s . 0.,s:. _, 
90.0 .~2859 

112.5 .022~7 
135.B .01684 
157.5 .01585 
18il.0 .013:,5 

. 12 

.2~ 

.38 

. 41 

.55 

. i il 

.87 

.ll 

. 17 

. 24 

. 31 

.4il 

.4'1 

.59 

.15 
• 1 B 
.23 
.28 
. 34 
. 41 
. 4 7 

Vial 1 = il.1 c1/s 

Y2{ ■ 1 C1ax/Co Ratio 

IE.e .il5il0D 
27.0 .83039 
36.0 .02052 
45.0 .ms:: . 
SU .01133 
63.e .0am 
iU .eases 

:;,e 
1:.5 
18.0 
22. 5 
2U 
3 I. 5 
3b.0 

.0srn 

.03430 

.02507 

. 01921 

.015?2 

.01238 

. ill028 

4.5 .0m8 
6.8 .03184 
U .02522 

11.3 .ems 
13.:, .01717 
15.3 .01457 
!U .\11254 

.13 

.21 

. 31 

.43 

.57 
• 68 
.Bil 

• 13 
. 19 
.26 
.34 
.42 
.52 
.63 

. 15 

. 20 

.26 

. 31 

. 37 
,H 
. :,1 

Viall = 0.ill c1/s 

Y31 ■) Cmax/Co Ratio 

1.e .esm 
2. 7 .03039 
3.6 .ms2 
•.s .01483 
5.4 .01123 
6. 3 .0ma 
7.2 .00709 

• 9 
1.3 
l.8 
2.2 
2.7 
3. I 
3.6 

.05e3i, 

.034~0 

.025il7 
• 01921 
.01522 
.01238 
• il I 028 

.s .0ms 

. 7 .03164 

.9 .il,522 
1. 1 .e2a~9 
1.3 .01717 
1.6 .m57 
l.B .01~54 

.13 
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• 13 
. I~ 
.26 
• 34 
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.52 
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• 15 
• ~il 
.26 
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Table 3-6. Results of Winter Waste Dilution, Q = 500 gpm. 

VL!II = I c1/s Vfall = e.1 c1/s \If al I = 0. 01 er.ls 

---*•-----------------·-- --------~-----·---·---- ~----------------------
llhr I X (n 1i I Ulktl Co Yl(al Ct.ax/Co Ratio Y21al C ■ ax /Co Ratio Y31 ■ l Cem/Co Ilalio 

5.0 u 1 . i\~0:22 m.e .am4 .54 l!U . ern,4 .54 1.8 . 03364 . 54 .. 
,.s . " I, _, .2 • 080222 2m. e .a2an • 58 27.0 .02043 . 88 2.7 • 02il43 .ss 

le.0 2. II • 2 .am12 362.0 .0!379 1.31 36.6 • B1379 1.31 3.b .eim I.:. J 

12.5 ~ C 
L • .J . 2 . 00m2 m.a .ll0996 I. 81 45.e .00m 1.81 4.S .Iler% 1.8! 

15.0 !,. e • 2 .11m12 54e.ll . 011754 2.39 54.~ .ms4 2.39 5.4 .00754 2.3:; 
17.S 3.5 1 .6r~m 630.0 .00591 ~.~5 63. 8 .00591 3.0S 6.3 .lle59I 3.85 .. 
20.13 4.0 • 2 .011~2.22 720.0 .0Wb 3.78 72. 0 • 0047b 3.78 7.2 .118476 3.78 

2.s I. 8 • 4 .mn2 ,e.0 .03385 i;~ 
• '"'J 9.0 .03385 .53 . 9 .ems .5:: 

3. 7 1.5 • 4 .001.1222 135.0 • 02305 • 78 13. 5 .ems .78 I. 3 .ems .78 
5.0 2.0 . 4 .mm 180.0 .01684 I.Bl 18.0 • 01684 1.07 1.8 .01654 1. a7 
6.3 2.5 . 4 .1100222 225.0 .012911 I. 40 22.5 .01298 !. 41l 2.2 .01290 !. 40 
7.5 3.D .4 .ac0222 27~.B • 01022 1.7b 27.0 • 01022 I. 76 2.7 .e1e22 I. 7b 
8.6 3.5 • 4 .?ililm 315.0 . 00831 2. I 7 31.5 • 00831 2.17 3. I .~ml 2. \ 7 

I ii. 0 4. 0 . 4 • e0a222 360.0 .00690 :2. 61 3b.ll .00rn 2.bl 3.b .ll06iil 2.6! 

1.2 1.0 .8 . Nl0:'2i 45.0 • 02827 .b4 4.5 . ll2827 .b4 • 5 .e:rn .1,A 

l.'i u .8 .0110222 67.S .02m .84 6.8 .02138 .84 . 7 .ema .94 
2.5 2. ll .8 .m222 9il.0 .01693 I.II& 9.0 .01m 1. 06 .9 .016'3 I .116 
3.1 2.5 .6 . 0~0222 112.S . 0i382 l.3~ 11.3 • 01382 ue I.I .rn:2 1.30 
3~ ( 3.0 . 8 . ~0~::'22 135.ll .0115:i 1.5& 13. 5 . 01153 I. 56 1.3 .0W3 l. 56 
4.4 3.5 .B .em~, 157.S • 00979 I. 64 15. 8 .00979 1.04 l.b .0ern I.E4 
5. i! u .8 .,mm 180.0 .00842 2. I 4 IP.8 .~em 2. I 4 l.B .0i!842 2.H 
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Table 3-7. Results of Winter Waste Dilution, Q = 1400 9pm. 

Vhll = I c ■ ls Vfall • I.I ca/s Yfall: I.SI eels 

------------------------- ----------------------- -----------------------
Hhrl X (n 1i I U IHI Co YI (11 Cux/Co Ratio Y2< ■ 1 C■ax/Co Ratio m,1 C1u/Co R11tio 

--------

5.ll Le .2 .llll0621 1811,B • B3364 • I 9 1B.e .83364 • Pr I, B .ll3364 . 19 
7.5 LS • 2 • 000621 27a.B .112843 • 32 21.e .82043 ,32 2. 7 .0m3 .32 

10.0 2.0 .2 .0011621 360.B .01380 .47 3b.0 .01380 .H 3.6 .0138@ .47 
12.5 2.5 .2 .e0m1 45\l.B ,00996 .65 45.B .eem .65 4.5 .00m .65 
IS. II 3.0 .2 • 000621 541l.B , 00754 .85 54.0 .08754 .BS 5.4 • 80754 .85 
I 7. 5 3.5 .2 .000621 639.I .00591 I. 09 63.0 .00591 1.09 6.3 .eem 1.09 
20.B 4.B .2 .000621 728.0 .00476 1. 35 72.B • 00m 1.35 7.2 .00476 l. 35 

2.5 u .4 .Bllllo2I 90.1 .03385 .19 9.0 .03385 . 19 .9 .03385 .19 
3.7 1.5 .4 • 010621 135.0 .02305 , 28 13.5 ,02305 . 28 I. 3 .112305 .28 
5.0 2.8 .4 .000621 IBB.0 .01684 • 38 18.0 , 01684 .38 1.8 .01684 .38 
6.3 2.5 . 4 .000621 225.H .01290 .SB 22.5 .01290 .50 2.2 .111290 .50 
7.S 3. ll • 4 ,0ll0621 2711.0 .1111122 .63 21.e .111822 .63 2.7 .111822 .63 
6.8 3.5 .4 • 020621 315.0 .00832 • 77 31. 5 .02832 • 77 3.1 • 08832 • 77 

10. 0 4,0 • 4 . 00~b21 360.i .80690 .93 36.B .00690 ,93 3.6 .em0 .93 

1.2 1.0 .8 ,000621 45.0 .02027 .23 4.5 .1!2827 .23 .s ,02027 .23 
1.9 1.5 .8 .B0062I 67.5 .02138 .30 b.8 .02138 .30 .7 , 02138 • 30 
2.S 2.0 .8 .000621 90.0 .01694 • 38 9.B . Bl 694 .39 .9 .ll1694 .38 
3.1 2.5 • 8 ,000621 112.S .01382 .47 I I. 3 .01382 .47 I.I .01382 . 4 7 
3. 7 3.0 .B , 008621 135.0 .111153 .56 13.5 • 01153 .56 1.3 .01153 .Sb 
4.~ 3.5 • 8 ,002621 157,5 .~0979 .66 15.8 .00979 .66 l.b • 00m .bb 
5.0 4.11 .8 .000621 IBB.B .00842 ,76 18.8 .008Q ,76 1.8 .00842 • 76 
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3-5 show the results for the summer months. w1th discharge rates O = 500 

gom and Q = 1400 9pm, respectively. To interpret the results, 1t is 

fruitful to note the various items shown in each of the tables. The first 

column in Table 3-4 is the time after the initial release of the waste 

material. The second column converts the time into distance from the 

discharge point. In the third column, three different current soeeds. 

namely 0.2 knots, 0.4 knots, and 0.8 knots are included. Based on 

Eauation (3.1) the initial mean concentration, Co, is computed. For a 

discharge rate of 500 gpm Co is computed to be O. 000222. The ve rt i ca i 

location of the centerline of the plume at different times for a fa11 

velocity of 1 cm/sec is shown in the fifth column. The concentration at 

the centerline of the plume Cmax normalized with respect to Co is shown in 

column 6. The dilution, which can be obtained as the reciprocal of (Co) 

(Cmax/Co), can easily be obtained by the inverse of the value in column 4 

multiplied by that in column 6. According to Soule and Ogur, ( 1983) and 

Section III.A.2.C.1 of this report, the limiting permissible concentration 

(LPC) of the waste being discharged is 0.0004 % concentration of the fish 

waste. This value of concentration corresponds to a dilution of 250,000. 

Therefore, for convenience the dilution ratio has been normalized with 

respect to 250,000 and such ratio is presented in column 7. For the fall 

velocity of 0.1 cm/sec the corresponding results are presented 1n columns 

8 to 10. Similarly the results for 0.01 cm/sec fail velocity are shown in 

columns 11 to 13. Thus, when one reads the value at columns 7, 10, and 

13, a value of 1.00 implies the dilution of 250,000. A value greater than 

1.0 implies a dilution greater than 250,000. 

The major difference between the summer months and winter months is 

for the value of vertical diffusion. For the winter months, larger 
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vertical-diffusions were used causing more mixing and thus a larger dilu

tion. It can be seen that a greater mixing, therefore larger dilution, is 

achieved in the winter months (Tables 3-6 and 3-7) in comparison with the 

corresponding results for that in the summer months (Tables 3-4 and 3-5). 

The results presented in Tables 3-4 to 3-7 can be plotted to 

orovide a better picture of the extent of the waste plume following a 

prescribed current direction. Based on the available data the two 

observed directions at the discharge site are SW and NW. The waste olume 

is therefore advected along these directions while experiencing a lateral 

mixing along the way. 

3.3 Extent of the Plume at the Present Site 

To show the extent of the plume. at the present site, curves 

containing a series of equi-dilution lines are presented in Figures 3-3 

and 3-4 (based on the results presented in Tables 3-4 and 3-6 

respective 1 y). The dilution ratios shown are the dilutions normaiized 

with resoect to 250,000 (LPC) for both the summer and winter months and 

for current speeds of 0.2 knots, 0.4 knots. and 0.8 knots. The discharge 

rate for these figures is 500 gpm and the fall velocity is set at 0.01 

cm/sec. 

Figure 3-5 shows the equi-dilution lines in the summer months 

Plotted on the map for a waste discharge of 500 9pm in a current of 0. 2 

knots towards the SW direct ion. Two different equi-dilution lines are 

drawn: the line for 0.5 represents a dilution of 125,000, while the line 

for 1.0 represents a dilution of 250,000. Such a favorable current 

direction would continue to carry the plume away in the SW direction. 

Thus, the plume would not reach the shore region while undergoing a 

significant mixing and diffusion. 
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F1gure 3-6 shows the extent of the waste plume with a SW current of 

0.4 kt. Comparing the results in Figure 3-6 with those in Figure 3-5, one 

observes that the effect of a stronger current is to advect the plume 

swiftly downstream in the current direction. 

lateral diffusion is much narrower. 

Therefore, the extent of 

Figures 3-7 and 3-8 show the corresponding pictures for the winter 

months. By comparing these results with those presented in Figures 3-5 

and 3-6, one can observe that a greater dilution is achieved in the winter 

months due to increased vertical diffusion. 

The drogue studies conducted by Soule and Oguri ( 1984) indicate a 

current toward the southwest (SW) direction and that the data on the 

surface current presented in Figure III.8 also show predominant southwest 

surface current. However, some 1987 current meter data detect current in 

the northwest (NW) direction. Some current data indicated that a current 

in the southwest direction with a magnitude of 0.25 knots outside of the 

120-fathom depth contour (CH2M Hill. 1976). A sketch confirming the 

direction of drogue movement (along the SW direction) after CH2M Hill is 

shown in Figure 3-9. Since the coastal current normally follows the deoth 

contour, it is reasonable to expect a worst case illustration having a NW 

current (0.2 knots) at the dumpsite would at first carry the plume 

initially in the NW direction; however, as the plume propagates toward the 

shore the current will gradually bend the plume in a pattern such as shown 

in Figure 3-10. In fact, the simulated plume trajectory for this worst 

case scenario is illustrated in Figure 3-11. In Figure 3-11 the equi-

dilution lines are drawn for the summer months with a waste discharge of 

500 gpm in a current of 0.2 knots toward the NW direction at the dumpsite. 

It is seen that the dilution ratio of 1.0 (corresponds to 250,000 
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dilution) does not. even reach a region at the 120-fathom contour. where 

significant change in water depth occurs. The longshore current in the SW 

direction would carry the plume in that direction, preventing the olume 

from reaching the shore region. 

The longshore current to the SW is described in Section III.B.2.b. 

Therefore, the plume is expected to gradually bend toward the SW direction 

following the depth contour line (a direction along island shoreline) 

carrying the plume with it. In order to make a further, detailed predic

tion of the direction and the extent of the ~lume in this shallower water 

region, more definitive information on the seaward extent of the longshore 

current and its magnitude is needed. It should be emphasized that the 

results in Figure 3-9 are for the summer months. Results for the winter 

months would indicate more mixing, therefore greater dilution within the 

region shown. 

3.4 Extent of Plume at Deeper Water Preferred Site. 

With the selection of the deeper water site as the preferred site, 

the curves containing the equi-di lut ion 1 ines were plotted for the same 

conditions shown in Figures 3-5 through 3-8 and 3-11 and discussed in 

Sectin 33. The results are shown in Figures 3-12 through 3-16. 

Although the plumes are plotted from the center of the site, it has 

been recommended to EPA that the dump protocol be changed. The dump 

vessel would make observations of the surface current direct ion before 

dumping begins and dump at the upstream periphery, circling within the 

dumpsite during discharge. This would result in the plumes being 

dissipated to the LPC concentration of 1:250,000 within the dt111psite under 

most conditions. 

The plume would not move inshore sufficiently to reach the longshore 
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circle. 
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lines of discharge waste plume, winter months 
= 0.01 cm/s Ua = 0.2 kt). If dumping were 

Equi-dilution 
500 gpm, Vfall 

to take place at the NE periphery under these 
be dissipated within the dumpsite circle. 
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gpm, Vfall 
waters. 
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dumping were to begin at the SE periphery 
be dissipated within the dumpsite circle. 

lines of discharge waste plume, 
o. o 1 cm/s, Ua 0. 2 kt). If 

of the circle, the plume would 
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curren~ that generally flows southwest between the 120 fm and 600 fm 

contours. Even if a slick persisted on the surface it would generally be 

carried farther out to sea to the southwest and could not approach shallow 

waters. 

4. CONCLUSION AND RECOMMENDATION 

The results presented in this study are computed by a mathematical 

model of which the accuracy is dependent on the available data. Whenever 

the required data are not available, assumptions have been made for the 

parameters. We have used our best judgment in the estimation of the 

parameters. We believe that the results obtained by this mathematical 

model are at least as good as those obtained by any mode i using the 

present state of the knowledge. 

The present mathematical model predicts the dilution as a function 

of distance and time from the point of release if the current direction is 

specified. The extent of the plume has also been shown under various 

conditions. A key factor in the determination of the plume traJectory is 

the direction of the ocean current. Field measurements indicate two 

persistent current directions, SW direction and NW direction. For current 

going towards the SW direction, it is shown that the plume at the present 

site will be advected in that direction at a distance at least 2 nm, 

south of Sail Rock Point. For current in the NW direction, significant 

dilution has been achieved when the plume reaches the region of shallower 

depth. Therefore, the longshore current is expected to carry such diluted 

plume again in SW direction (along the island shoreline direction). More 

definitive current, information especially on the incidence of reversal of 

the longshore current in the shallower depth region would be needed in 

order to predict the extent of the plume in the shallow depth region if 
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the present site were to continue to be used. 

By using the preferred deepwater site, and by dumping upstream of 

the direction of flow, the plume would be fully dissipated within the 

dumpsite circle in most cases. The plume would not reach territorial 

waters, the longshore current, or the reefs. 

If there is significant change in vessel size or in quantities 

dumped, the model should be run again to determine the nature of the plume 

trajectory and extent. A smal 1 change. in vessel beam is not considered 

significant. 
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Contents of Appendix 9: 

Appendix 9 
Calculation of Entrainment Adjushnent 

• Plot of Clean Perimeter Coefficient vs Distance From Props 
• Figure showing Plumes From Adjacent Propellers with Surface Boundary 

• Table showing Calculation of Clean Perimeter Ratio 



Clean Perimeter Coefficient vs. Distance from Props 
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Plumes from Adjacent Propellers - with Surface Boundary 
;aled by the ratio of the perimeter inside the adjacent plume to the total perimeter available for entrainment. 

hereby defined as the clean perimeter coefficient (CP). 

rainment is uniform over the perimeter of the plume. Propellers located 15 feet apart and 10 feet below water surface. 

s calculated as r 0.096X, where X is the distance downstream of the props. 

eter coefficient develops in four distinct steps based on plume radius r. 

µmes merge, CP = 1.0, as the plumes have not interferred with each other. [X<78.125 feet) 

plumes merge but before the tops of theindividual plumes hit the surface. [78125<X<105 feel] 

individual plumes hit the surface, but before the merged area hits the surface. [105<X<130 feet] 
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Calculation of the Clean Perimeter Ratio 

Assumgtions and Basis for Calculation: 
plume half-width b = 0.096*X from Sobey, 1994 
X ranges from 25 to 1000 feet 
plumes merge at X = 78.125 feet 
at 78.125 feet clean perimeter ratio = 1 .0 
individual plume encounters surface at X = 105 feet 
merged plume reaches surface at X = 130 feet 

X b V theta1 theta2 theta3 Perimeter (in) Perimeter (out) clean ratio 
(feet) (feet) (feet) (rad) (deal (rad) (dea\ (rad) (deal (feet) (feet) 

0 0.0 1.000 
25 2.4 1.000 
50 4.8 1.000 

78.125 7.5 0.0 000 00 0.00 0.0 0.00 0.0 0.0 47.1 1 000 
80 7.7 1.7 0.22 12.4 0.22 12.4 0.00 0.0 3.3 44.9 0.931 
85 8.2 3.2 0.40 23.2 0.40 23.2 0.00 0.0 6.6 44.7 0.871 
90 8.6 4.3 0.52 29.8 0.52 29.8 0.00 0.0 9.0 45.3 0.835 
95 9.1 5.2 0.61 34.7 0.61 34.7 0.00 0.0 11.0 46.3 0.807 
100 9.6 6.0 0.67 38.6 0.67 38.6 0.00 0.0 12.9 47.4 0.785 
105 10.1 6.7 0.73 41.9 0.73 41.9 0.13 7.2 14.8 46.0 0.757 
110 10.6 7.4 0.78 44.7 0.78 44.7 0.33 18.7 16.5 42.9 0.723 
115 11.0 8.1 0.82 47.2 0.82 47.2 0.44 25.1 18.2 41.5 0.695 
120 11.5 8.7 0.86 49.4 0.86 49.4 0.52 29.8 19.9 40.6 0.671 
125 12.0 9.4 0.90 51.3 0.90 51.3 0.59 33.6 21.5 39.8 0.650 
130 12.5 10.0 0.93 53.1 0.93 53.1 0.64 36.7 23.1 39.3 0.630 
135 13.0 10.6 0.95 54.6 0.88 50.5 0.69 39.5 23.8 39.8 0.626 
140 13.4 11.2 0.98 56.1 0.84 48.1 0.73 41.9 24.4 40.3 0.623 
145 13.9 11.7 1.00 57.4 0.80 45.9 0.77 44.1 25.1 40.9 0.620 
150 14.4 12.3 1.02 58.6 0.77 44.0 0.80 46.0 25.8 41.6 0.617 
200 19.2 17.7 1.17 67.0 0.55 31.4 1.02 58.6 33.0 48.4 0.595 
300 28.8 27.8 1.31 74.9 0.35 20.3 1.22 69.7 47.9 63.0 0.568 
400 38.4 37.7 1.37 78.7 0.26 15.1 1.31 74.9 62.9 78.0 0.554 
500 48.0 47.4 1.41 81.0 0.21 12.0 1.36 78.0 77.9 93.0 0.544 
600 57.6 57.1 1.44 82.5 0.17 10.0 1.40 80.0 93.0 108.1 0.537 
700 67.2 66.8 1.46 83.6 0.15 8.6 1.42 81.4 108.1 123.1 0.533 
800 76.8 76.4 1.47 84.4 0.13 7.5 1.44 82.5 123.2 138.2 0.529 
900 86.4 86.1 1.48 85.0 0.12 6.6 1.45 83.4 138.2 153.2 0.526 
1000 96.0 95.7 1.49 85.5 0.10 6.0 1.47 84.0 153.3 168.3 0.523 

The inside perimeter is equal to (theta 1 + theta 2) times the radius of the plume: 

p(in) = (("\ +E)2 )r 

The outside perimeter is equal to (2 pi - 2 theta 3 - theta 1 - theta 2) times the radius of the plume: 

p(out) = (2Jl'-283 -(;.i1 -EJ2 )r 

The clean perimeter coefficient (CP) is equal to 1 minus the inside perimeter 
divided by the sum of the inside and the outside perimeters: 

CP= 1-
p(in) 

p(in) + p(out) 



Contents of Appendix 10: 

Farfield Dilution Model Output 

AppendixlO 
Farfield Model Output 

• Winter Conditions, Ocean Current 0.2 knots, Vessel Speed 10 knots 
• Winter Conditions, Ocean Current 0.4 knots, Vessel Speed 10 knots 
• Winter Conditions, Ocean Current 0.6 knots, Vessel Speed 10 knots 
• Winter Conditions, Ocean Current 0.8 knots, Vessel Speed 10 knots 
• Winter Conditions, Ocean Current 1.0 knots, Vessel Speed 10 knots 

• Winter Conditions, Ocean Current 0.2 knots, Vessel Speed 6 knots 
• Winter Conditions, Ocean Current 0.4 knots, Vessel Speed 6 knots 
• Winter Conditions, Ocean Current 0.6 knots, Vessel Speed 6 knots 
• Winter Conditions, Ocean Current 0.8 knots, Vessel Speed 6 knots 
• Winter Conditions, Ocean Current 1.0 knots, Vessel Speed 6 knots 

• Summer Surface Conditions, Ocean Current 0.2 knots, Vessel Speed 10 knots 
• Summer Surface Conditions, Ocean Current 0.4 knots, Vessel Speed 10 knots 
• Summer Surface Conditions, Ocean Current0.6 knots, Vessel Speed 10 knots 
• Summer Surface Conditions, Ocean Current 0.8 knots, Vessel Speed 10 knots 
• Summer Surface Conditions, Ocean Current 1.0 knots, Vessel Speed 10 knots 

• Summer Surface Conditions, Ocean Current 0.2 knots, Vessel Speed 6 knots 
• Summer Surface Conditions, Ocean Current 0.4 knots, Vessel Speed 6 knots 
• Summer Surface Conditions, Ocean Current 0.6 knots, Vessel Speed 6 knots 
• Summer Surface Conditions, Ocean Current 0.8 knots, Vessel Speed 6 knots 
• Summer Surface Conditions, Ocean Current 1.0 knots, Vessel Speed 6 knots 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.2 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste • in gpm (0) 
1400 (gpm) 

Ambient Ocean Current, in knots (U) 
I 0.2l(knots) 

Length Parameter, in meters (L) 

1 141I(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.42 0.42 
0.28 0.28 
0.14 0.14 
0.09 0.09 
0.06 0.06 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.01 0.01 

Dilution 
1.00 
2.41 
3.59 
7.01 
11.43 
16.85 
23.26 
30.66 
39.06 
48.46 
58.86 
70.25 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

--·--····---- ----------- '' ----·-····------------·---------

Dilution vs Distance from Ship 

ao.oo T 
70.00 -

I 
60.00 + 

! 

C 50.00 
0 
:;:: 40.00 ..2 
c 30.00 

20.00 .. 

10.00 

0.00 

0 2 3 
Distance (nautical miles) 

--·•·--------- ----•- --------· 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.4 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste , in gpm (Q) 
.._ __ 1_4_00 .. (gpm) 

Ambient Ocean Current, in knots (U} 
I 0.4l(knots} 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 17.3l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 11 

Cmax/Co Cmax 
1.00 1.00 
0.33 0.33 
0.24 0.24 
0.15 0.15 
0.10 0.10 
0.07 0.07 
0.06 0.06 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 

Ship's Beam 

I 11.58l(m) 

Ship's Length 

I 50l(m) 

Dilution 
1.00 50.00 T 

3.07 45.00 1 

4.18 40.00 
6.86 35.00 
10.03 C 30.00 
13.69 0 

~ 25.00 
17.85 .2 

22.50 
i:3 20.00 , 

27.65 15.00 t 
33.29 10.00 

39.43 5.00 + 

46.06 0.00 

0 

Ship's Draft 

1 3.66l(m) 

Ship's Speed, in knots 

I 10l(knots) 

Dilution vs Distance from Ship 

.. t·- .. 

2 3 4 
Distance (nautical miles) 

"·~-~··········-····· 

5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.6 knots - Vessel Speed 10 knots 

Discharge Rate of Waste , in gpm (Q) 

1 14oot(gpm> 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 141t(m> 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 

I 17.3l(cml\2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 11 

Cmax/Co Cmax 
1.00 1.00 
0.27 0.27 
0.20 0.20 
0.13 0.13 
0.10 0.10 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.03 0.03 

Dilution 
1.00 
3.68 
4.90 
7.44 
10.20 
13.29 
16.70 
20.45 
24.52 
28.92 
33.65 
38.71 

Ship's Beam 

I 11.58l(m) 

Ship's Length 

I 50l(m) 

40.00 T 
35.00 I 
30.00 t 

C 25.00 
0 
:;:: 20.00 .2 
0 15.00 

10.00 

5.00 

0.00 

a 

Ship's Draft 

1 3.66l(m> 

Ship's Speed, in knots 
I 1 Ol(knots) 

Dilution vs Distance from Ship 

2 3 
Distance (nautical miles) 

-~~---~· 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.8 knots - Vessel Speed 10 knots 

Discharge Rate of Waste , in gpm (Q) 

1 14001(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.8l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 
I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.24 0.24 
0.18 0.18 
0.12 0.12 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

-------- ---

Dilution vs Distance from Ship 
Dilution 

1.00 40.00 
4.20 35.00 
5.58 
8.16 30.00 

10.75 C 25.00 
13.56 0 

:;::: 20.00 
16.61 .2 

19.90 
i5 15.00 

23.44 10.00 
27.22 

5.00 
31.25 
35.52 0.00 ---- +- ---1- -

0 2 3 4 
Distance (nautical miles) 

- -- -------------

5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 1.0 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste , in gpm (Q) 
.._ __ 14_,0_.0 (gpm) 

Ambient Ocean Current, in knots (U) 

I 1 l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 

I 17.3l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.21 0.21 
0.16 0.16 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 

Dilution 
1.00 
4.67 
6.21 
8.90 
11.44 
14.10 
16.93 
19.95 
23.17 
26.58 
30.19 
34.00 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 50I(m) 

Ship's Speed, in knots 

I 10l(knots) 

Dilution vs Distance from Ship 

3500 r 
30.00 

25.00 ·. 
C 20.00 0 
:;:: 
.2 15.00 c 

10.00 

5.00 · 

~ -; 2 3 
Distance (nautical miles) 

--··-·· 

I 
I 4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.2 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (0) 

1 14oot(gpm) 

Ambient Ocean Current, in knots (U) 
I 0.2l(knots) 

Length Parameter, in meters (L) 

1 741t(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I H.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.27 0.27 
0.17 0.17 
0.09 0.09 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.01 0.01 
0.01 0.01 
0.01 0.01 

Ship's Beam 

1 11.501<m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501<m) 

Ship's Speed, in knots 
I 6l(knots) 

··-----···-

Dilution vs Distance from Ship 
Dilution 

1.00 120.00 
3.76 
5.76 100.00 -

11.45 
80.00 · 

18.80 C 

27.79 0 
:;: 60.00 

38.44 .2 
0 

50.75 40.00 
64.72 
80.35 20.00 
97.63 
116.58 0.00 ~- ~-j - I -· 

0 2 3 
Distance (nautical miles) 

----------

. 1---

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.4 knots - Vessel Speed 6 knots 

Dischar e Rate of Waste , in gpm (Q) 
._ __ 1_40_0 .. (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.4l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 17.3l(cm/\2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.20 0.20 
0.15 0.15 
0.09 0.09 
0.06 0.06 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 
0.01 0.01 

Ship's Beam 

I 11.58l(m) 

Ship's Length 

I 50l(m) 

Dilution 
1.00 ao.oo I 
4.94 70.00 I 

6.82 
11.32 60.00 

16.60 C: 50.00 
22.70 0 

.:: 40.00 
29.62 .2 

37.37 
0 30.00 ... 

45.94 20.00 
55.33 10.00 
65.56 
76.61 0.00 

0 

Ship's Draft 

1 3.66l(m) 

Ship's Speed, in knots 

I 6l(knots) 

Dilution vs Distance from Ship 

+-- . •--- -------~ 

2 3 
Distance (nautical miles) 

4 

------------------

5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.6 knots - Vessel Speed 6 knots 

Dischar e Rate of Waste , in gpm (Q) 

1400 (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 

12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

1 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.17 0.17 
0.12 0.12 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 
0.02 0.02 

Dilution 
1.00 
5.98 
8.05 
12.31 
16.93 
22.07 
27.76 
34.00 
40.78 
48.11 
55.99 
64.42 

Ship's Beam 

I 11.58l(m) 

Ship's Length 

I 50l(m) 

70.00 t 
60.00 

50.00 · 
C 40.00 0 
:;::: 
.2 30.00 a 

20.00 

10.00 

0.00 

0 

Ship's Draft 

1 3.66l(m> 

Ship's Speed, in knots 

I 6l(knots) 

- ---·----- ----------

Dilution vs Distance from Ship 

t--~····· j 

l 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.8 knots - Vessel Speed 6 knots 

Discharge Rate of Waste, in gpm (Q) 

1 a4ol(gpm) 

Ambient Ocean Current, in knots (U) 
I O.Bl(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

· Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 17.3l(cmA2/sec) 

Dissipation Parameter (A) 
1 0.0011 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.15 0.15 
0.11 0.11 
0.07 0.07 
0.06 0.06 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 

Ship's Beam 

I 11.5Bl(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 
I 6l(knots) 

Dilution vs Distance from Ship 
Dilution 

1.00 
60.00 i 6.88 

9.21 50.00 

13.52 
40.00 17.86 i C 

22.55 0 
:;:: 30.00 

27.62 .2 
i5 

33.11 20.00 
39.00 
45.30 10.00 
52.02 
59.14 0.00 t . --- --- 1 j 

0 2 3 4 
Distance (nautical miles) 

--~-,~-"--'-- . ·------ ----- - ---
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Farfield Dilution Model 

Winter Conditions - Ocean Current 1.0 knots - Vessel Speed 6knots 

Discharge Rate of Waste , in gpm (Q) 

1 840l(gpm) 

Diffusion Coefficient (Kv) 

I 17.3l(cmA2/sec) 

Ambient Ocean Current, in knots (U) 

I 1l(knots) 
Dissipation Parameter (A) 

1 0.0011 

Length Parameter, in meters (L) 

1 741l(m> 

Initial Concentration 

i 1i 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) Cmax/Co Cmax 

0 0 0.0 1.00 1.00 
1000 0.16 0.3 0.13 0.13 
3040 0.5 0.5 0.10 0.10 
6080 1 1.0 0.07 0.07 
9120 1.5 1.5 0.05 0.05 
12160 2 2.0 0.04 0.04 
15200 2.5 2.5 0.04 0.04 
18240 3 3.0 0.03 0.03 
21280 3.5 3.5 0.03 0.03 
24320 4 4.0 0.02 0.02 
27360 4.5 4.5 0.02 0.02 
30400 5 5.0 0.02 0.02 

Dilution 
1.00 
7.67 
10.27 
14.78 
19.01 
23.44 
28.17 
33.20 
38.57 
44.25 
50.27 
56.61 

Ship's Beam 

I 11.58l(m) 

Ship's Length 
I 50l(m) 

60001 
50.00 ··-

ls 40.00 l 
~ 30,00 . 
0 

20.00 .. 

10.00 

0.00 

0 

Ship's Draft 

1 3.66l(m> 

Ship's Speed, in knots 
I 6l(knots) 

Dilution vs Distance from Ship 

. t-------·-

1 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.2 knots - Vessel Speed 10 knots 

Dischar e Rate of Waste , in gpm (Q) 
.._ __ 12_0 .. o (gpm) 

Ambient Ocean Current, in knots (U) 
I 0.2l(knots) 

Length Parameter, in meters (L) 

1 1411(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.56 0.56 
0.39 0.39 
0.20 0.20 
0.13 0.13 
0.09 0.09 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

1 501(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

-····-----~---·····-----~--·--·-----

Dilution vs Distance from Ship 
Dilution 

1.00 50.00 
1.80 45.00 
2.58 40.00 
4.88 35.00 -
7.87 C 30.00 
11.53 0 

:.;:: 25.00 
15.86 .2 

c 20.00 -

20.86 
15.00 26.53 

32.86 10.00 

39.87 5.00 

47.54 0.00 

0 2 3 
Distance (nautical mlles) 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.4 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste, in gpm (Q) 

1200 (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.4l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.46 0.46 
0.34 0.34 
0.21 0.21 
0.15 0.15 
0.11 0.11 
0.08 0.08 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

1 50l(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

------- ·-- ----

Dilution vs Distance from Ship 
Dilution 

1.00 35.00 
2.19 30.00 
2.91 
4.70 25.00 -
6.82 C 20.00 9.29 0 

:;:: 

12.08 .2 15.00 
15.21 

c 
18.67 10.00 

22.46 5.00 
26.59 
31.05 0.00 ------t·-- -· - - - .. t ·- ----+- -- ---

0 l 2 3 
Distance (nautical miles) 

--------- ------------

t 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.6 knots - Vessel Speed 1 O knots 

Discharge Rate of Waste , in gpm (Q) 

1 12001(gpm) 

Ambient Ocean Current, in knots (U) 
I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissipation Parameter (A) 

1 0.0011 

Initial Concentration 

i 11 

Cmax/Co Cmax 
1.00 1.00 
0.39 0.39 
0.30 0.30 
0.20 0.20 
0.14 0.14 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
I 50l(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

Dilution vs Distance from Ship 
Dilution 

1.00 30.00 .. 
2.58 
3.37 25.00 

5.06 
20.00 · 

6.91 C 

8.98 0 
:;:: 15.00 

11.28 .2 
i5 

13.79 10.00 
16.53 
19.48 5.00 
22.66 
26.06 0.00 \ . 

0 2 3 
Distance (nautical miles) 

i-

4 5 



Farfield Dilution Model 

Summer Surface - Ocean Current 0.8 knots - Vessel Speed 10 knots 

Dischar e Rate of Waste , in gpm (Q) 
1200 (gpm) ------

Ambient Ocean Current, in knots (U) 

I 0.8l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.34 0.34 
0.26 0.26 
0.18 0.18 
0.14 0.14 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.05 0.05 
0.04 0.04 

Dilution 
1.00 
2.92 
3.82 
5.53 
7.27 
9.15 
11.20 
13.41 
15.78 
18.32 
21.03 
23.90 

Ship's Beam 

1 11.501(m) 

Ship's Length 

1 501(m) 

25.00 

20.00 

C 15.00 0 
:;:: 
::::, 

c 10.00 

5.00 

0.00 

0 

Ship's Draft 

1 3.66l(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

·------ - -------

Dilution vs Distance from Ship 

--j- .. - ----+- -----

2 3 
Distance (nautical miles) 

-------·- -- -------- ----

t 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 1.0 knots - Vessel Speed 1 O knots 

Discharge Rate of Waste , in gpm (Q) 

1 12001(gpm) 

Ambient Ocean Current, in knots (U) 

I 1l(knots) 

Length Parameter, in meters (L) 

1 7411<m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 11 

Cmax/Co Cmax 
1.00 1.00 
0.31 0.31 
0.24 0.24 
0.17 0.17 
0.13 0.13 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.06 0.06 
0.05 0.05 
0.04 0.04 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
I 50l(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Dilution vs Distance from Ship 
Dilution 

1.00 25,Q0 T 
! 

3.22 
4.24 20.00 
6.03 
7.72 C 15.00 
9.50 0 

:;:: 

11.40 .2 

13.43 
i5 10.00 

15.59 
5.00 · 17.88 

20.31 
22.86 0.00 ,------·····~--- •----i- - ·--------

0 l 2 3 
Distance (nautical miles) 

·+-
4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.2 knots - Vessel Speed 6 knots 

Discharge Rate of Waste, in gpm (Q) 

1 120I(gpm) 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 
Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ambient Ocean Current, in knots (U) 

I 0.2l(knots) 
Dissipation Parameter (A) 

1 0.0011 

Ship's Length 

1 50I(m) 

Ship's Speed, in knots 
I 6l(knots) 

Length Parameter, in meters (L) 

1 141I(m) 

Initial Concentration 

i 11 

Distance from Ship Time Dilution vs Distance from Ship 
(Feet) (Nautical Miles) (hours) Cmax/Co Cmax Dilution 

0 0 0.0 1.00 1.00 1.00 
8000 f 1000 0.16 1.4 0.38 0.38 2.64 70.00 

3040 0.5 2.5 0.25 0.25 3.97 
60.00 6080 1 5.0 0.13 0.13 7.80 

9120 1.5 7.5 0.08 0.08 12.74 C 50.00 
12160 2 10.0 0.05 0.05 18.79 0 

:;::: 40.00 
15200 2.5 12.5 0.04 0.04 25.96 .2 

18240 3 15.0 0.03 0.03 34.24 
i5 30.00 · 

21280 3.5 17.5 0.02 0.02 43.64 20.00 · 
24320 4 20.0 0.02 0.02 54.14 10.00 
27360 4.5 22.5 0.02 0.02 65.77 
30400 5 25.0 0.01 0.01 78.51 0.00 f --

0 2 3 4 5 
Distance (nautical miles) 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.4 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 1201(gpm) 

Ambient Ocean Current, in knots (U) 
I 0.4l(knots) 

Length Parameter, in meters (L) 

1 1411(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.29 0.29 
0.22 0.22 
0.13 0.13 
0.09 0.09 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
I 50l(m) 

Ship's Speed, in knots 
I 6l(knots) 

Dilution vs Distance from Ship 
Dilution 

1.00 60.00 
3.40 
4.65 50.00 

7.66 
40.00 11.20 C 

15.30 0 
:;::: 30.00 

19.95 .2 
c 

25.15 20.00 
30.91 
37.22 10.00 
44.09 
51.52 0.00 - - - -----+-----·- t ------+--

0 2 3 4 
Distance (nautical miles) 

-----------·---- ---- ------- -- ·---- -------
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Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.6 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 120I(gpm) 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Ship's Beam 

1 11.5aI(m) 

Ship's Draft 

1 3.66l(m) 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 
Ship's Length 
1 50I(m) 

Ship's Speed, in knots 

I 6l(knots) 

Length Parameter, in meters (L) 

1 141I(m) 

Initial Concentration 

i 1 i 

-"--·-----··---·--~-··-··----·. ---« .. --------·---- -

Distance from Ship Time Dilution vs Distance from Ship 
(Feet) (Nautical Miles) (hours) Cmax/Co Cmax Dilution 

0 0 0.0 1.00 1.00 1.00 45.00 
1000 0.16 0.5 0.24 0.24 4.08 40.00 
3040 0.5 0.8 0.18 0.18 5.46 35.00 
6080 1 1.7 0.12 0.12 8.30 

30.00 9120 1.5 2.5 0.09 0.09 11.40 C 
12160 2 3.3 0.07 0.07 14.86 0 25.00 :;::: 

15200 2.5 4.2 0.05 0.05 18.68 .2 20.00 
i5 

18240 3 5.0 0.04 0.04 22.86 15.00 
21280 3.5 5.8 0.04 0.04 27.42 10.00 
24320 4 6.7 0.03 0.03 32.34 

5.00 27360 4.5 7.5 0.03 0.03 37.64 
30400 5 8.3 0.02 0.02 43.30 0.00 

0 2 3 4 5 
Distance (nautical miles) 

~·····------··· 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.8 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 7201(gpm) 

Ambient Ocean Current, in knots (U) 

I O.Bl(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

1 11 

Cmax/Co Cmax 
1.00 1.00 
0.21 0.21 
0.16 0.16 
0.11 0.11 
0.08 0.08 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.03 0.03 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m> 

Ship's Len~h 
1 50 <m> 

Ship's Speed, in knots 

I 6l(knots) 

.... ~--~---

Dilution vs Distance from Ship 
Dilution 

1.00 40.00 
4.68 35.00 
6.23 
9.11 30.00 

12.02 C 25.00 
15.17 0 

:;:: 20.00 ::::, 
18.58 c 
22.26 15.00 .. 

26.21 10.00 
30.45 5.00 
34.95 
39.74 0.00 , r-

0 2 3 4 
Distance (nautical miles) 

- -----------
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Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 1.0 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 7201(gpm) 

Ambient Ocean Current, in knots (U) 

I 1l(knots) 

Length Parameter, in meters (L) 

1 7411<m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.19 0.19 
0.14 0.14 
0.10 0.10 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.03 0.03 

Dilution 
1.00 
5.21 
6.93 
9.95 
12.79 
15.76 
18.93 
22.32 
25.92 
29.74 
33.78 
38.04 

Ship's Beam 

I 11.58l(m) 

Ship's Length 

I 50l(m) 

4000 f 
35.00 

30.00 T 
I 

C 25.00 -
0 ;:: 20.00 .2 
c 15.00 

10.00 

Ship's Draft 

1 3.66l(m) 

Ship's Speed, in knots 
I 6l(knots) 

---······-

Dilution vs Distance from Ship 

--- ---j j 

2 3 4 
Distance (nautical miles) 
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Appendix:11 
Summary of Monitoring Data 

• Average Daily Volumes Ocean Disposed, Sept 1993 - Sept 1996 
• Samoa Packing Onshore Monitoring Results of Composite (Storage Tank) Sam

ples, Sept 1993 - Sept 1996 (2 pages) 
• Star Kist Samoa Onshore Monitoring Results of Composite (Storage Tank) Sam-

ples, Sept 1993 - Sept 1996 (2 pages) 
• Ocean Monitoring Data for TSS (mg/1), Sept1993 -Sept1996 
• Ocean Monitoring Data for TVSS (mg/1), Sept 1993 - Sept 1996 
• Ocean Monitoring Data for Oil and Grease (mg/1), Sept1993 -Sept1996 
• Ocean Monitoring Data for Total Phosphorus (mg/I), Sept1993 - Sept1996 
• Ocean Monitoring Data for Total Nitrogen (mg/1), Sept 1993 - Sept 1996 
• Ocean Monitoring Data for Ammonia (mg-N/1), Sept1993 -Sept1996 
• Calculation of Dilution Using Available Field Data and Discharge Characteristics 

(2 pages) 
• Calculation of Distance Between Station 4 and Station 5 for Ocean Monitoring 

Sampling 



MONTHNR 

Sep-93 
Oct-93 
Nov-93 
Dec-93 
Jan-94 
Feb-94 
Mar-94 
Apr-94 
May-94 
Jun-94 
Jul-94 

Aug-94 
Sep-94 
Oct-94 
Nov-94 
Dec-94 
Jan-95 
Feb-95 
Mar-95 
Apr-95 
May-95 
Jun-95 
Jul-95 

Aug-95 
Sep-95 
Oct-95 
Nov-95 
Dec-95 
Jan-96 
Feb-96 
Mar-96 
Apr-96 
May-96 
Jun-96 
Jul-96 

Aug-96 
Seo-96 

Minimum 
Maximum 
Mean 
Median 
St. Deviation 

Average Daily Volumes Ocean Disposed 
(not including zero disposal days) 

September 1993 - September 1996 
AVERAGE DAILY TOTAL VOLUME FRACTION 

Samoa StarKist 
COMBINED 

Samoa StarKist 

Packing Samoa Packing Samoa 
(qallons) (gallons) (gallons) 

83,200 121,094 204,294 0.41 0.59 

104,540 106,368 210,909 0.50 0.50 
92,208 115,474 207,682 0.44 0.56 

92,048 90,682 182,729 0.50 0.50 

88,818 97,200 186,018 0.48 0.52 
86,760 112,280 199,040 0.44 0.56 

105,393 100,792 206,185 0.51 0.49 
105,640 99,647 205,287 0.51 0.49 
107,609 100,500 208,109 0.52 0.48 
111,650 97,692 209,342 0.53 0.47 
89,150 98,913 188,063 0.47 0.53 
84,550 95,154 179,704 0.47 0.53 
92,600 108,600 201,200 0.46 0.54 

104,692 91,409 196,101 0.53 0.47 
95,000 105,208 200,208 0.47 0.53 
91,964 104,000 195,964 0.47 0.53 

102,654 88,864 191,517 0.54 0.46 
99,174 102,904 202,078 0.49 0.51 

105,000 130,385 235,385 0.45 0.55 
97,625 80,333 177,958 0.55 0.45 
93,115 101,670 194,785 0.48 0.52 

117,864 105,962 223,825 0.53 0.47 
91,542 85,208 176,750 0.52 0.48 
93,962 124,826 218,787 0.43 0.57 
88,500 117,459 205,959 0.43 0.57 
110720 101,250 211,970 0.52 0.48 

100,292 100,343 200,634 0.50 0.50 
101,952 124,578 226,530 0.45 0.55 
101,174 118,285 219,459 0.46 0.54 
97,318 112,275 209,593 0.46 0.54 
96,231 120,508 216,739 0.44 0.56 

118,789 99,917 218,706 0.54 0.46 
78,204 88,331 166,535 0.47 0.53 
73,394 89,606 163,000 0.45 0.55 

109,337 89,120 198,458 0.55 0.45 
123,359 101,266 224,626 0.55 0.45 
119,184 85,219 204,403 0.58 0.42 
73,394 80,333 163,000 0.41 0.42 

123,359 130,385 235,385 0.58 0.59 
98,790 103,063 201,852 0.49 0.51 
97,625 101,250 204,294 0.48 0.52 
11,515 12,427 16,478 0.04 0.04 



DATE TSS 
fMG/Ll 

8-Sep-93 17300 
6-Oct-93 6790 

14-Oct-93 8480 
3-Nov-93 19200 
9-Nov-93 27500 

16-Nov-93 17600 
6-Dec-93 12100 

13-Dec-93 33200 
4-Jan-94 15600 

10-Jan-94 7730 
1-Feb-94 16300 
7-Feb-94 14500 
1-Mar-94 11900 
7-Mar-94 9900 
4-Apr-94 12000 

11-Apr-94 12700 
2-May-94 5390 

10-May-94 9350 
7-Jun-94 33500 

14-Jun-94 45900 
5-Jul-94 22000 

12-Jul-94 64800 
1-Aug-94 72400 
8-Aug-94 18700 
6-Sep-94 45300 

12-Sep-94 86300 
3-Oct-94 16200 

25-Oct-94 26000 
1-Nov-94 22600 
6-Nov-94 24600 
5-Dec-94 20700 

12-Dec-94 18400 

Samoa Packing Onshore Monitoring 
Results of Composite (Storage Tank) Samples 

September 1993 - September 1996 

TVSS BOD5 0&G TP TN Ammonia 
(MG/L) fMG/U (MG/U fMG/L) (MG/U (MG/L) 

9920 425000 20588 3500 19040 8400 
897 33500 33370 750 2940 560 

3390 255000 5680 1400 3080 840 
9270 30700 16700 2400 5880 3450 

13900 32000 8520 2100 6160 3480 
8890 27100 14580 2200 7840 6580 
6270 13800 4006 600 4480 1880 

25000 21000 5240 1200 8120 1180 
7170 24400 2460 1000 5880 2650 
2440 13200 10240 1200 5880 1850 
8430 24100 7240 1000 5880 2390 
7050 18000 3700 1000 4760 2000 
5090 19900 1958 600 7280 2290 
2870 20100 17440 800 6160 2500 
5820 18900 19040 1900 5880 2050 
5980 19300 16200 2000 7280 2300 
1430 11300 9780 1200 1960 1960 
5940 14400 8880 1200 4760 1590 

27000 350000 28120 1000 4480 2030 
38400 480000 37900 1000 7560 2250 
16400 22500 7212 1000 2800 1220 
55300 54500 28840 700 4480 1440 
59200 73200 5788 1200 3080 2800 
10700 26400 57260 1000 7560 2240 
35300 57800 37660 2400 3920 3370 
72800 99800 19460 1200 4480 3530 
8300 21600 15940 1200 8960 2960 

20000 23300 160000 1200 6160 2170 
10300 24200 919 1700 7280 3340 
15400 20700 1789 1200 7560 3240 
11000 16000 13360 2000 5320 3530 
8850 15600 1161 1500 7560 3930 

pH Density 
fSU) (G/ML) 

6.65 0.98 
7.06 1.02 
6.61 1.01 
7.39 1.03 
6.73 1.03 
6.87 1.00 
6.43 1.02 
6.28 1.02 
6.86 1.01 
6.74 1.02 
6.93 0.98 
6.96 1.00 
6.94 1.00 
6.68 0.99 
7.00 0.98 
6.72 1.01 
7.36 1.01 
6.32 0.98 
6.02 0.99 
6.16 1.00 
6.25 1.00 
6.20 1.00 
6.00 0.99 
6.02 1.00 
6.50 1.00 
6.03 1.00 
6.00 1.01 
5.90 0.99 
5.30 1.00 
5.60 0.99 
5.40 1.00 
5.00 1.00 



DATE TSS 
(MG/U 

3-Jan-95 22600 
13-Jan-95 10000 
1-Feb-95 12300 

16-Feb-95 13700 
1-Mar-95 12600 
9-Mar-95 16900 
3-Apr-95 16700 

13-Apr-95 19300 
1-May-95 24000 

12-May-95 15700 
1-Jun-95 16100 

16-Jun-95 15700 
5-Jul-95 15700 

18-Jul-95 15600 
2-Aug-95 17000 

17-Aug-95 14700 
6-Sep--95 10600 

12-Sep-95 37000 
3-Oct-95 35400 
6-Nov-95 14700 
6-Dec-95 18700 
3-Jan-96 16600 
1-Feb-96 74300 
4-Mar-96 18200 
2-Apr-96 22500 

6-May-96 13200 
3-Jun-96 9740 
2-Jul-96 21600 

5-Aug-96 35100 
3-Seo-96 16280 

No. Samples 62 
Maximum 86300 
Minimum 5390 
Mean 22217 
Median 16800 
St. Dev. 16346 

Samoa Packing Onshore Monitoring 
Results of Composite (Storage Tank) Samples 

September 1993 - September 1996 

TVSS BODS 0&G TP TN Ammonia 
fMG/U lMG/L) (MG/L) tMG/L) fMG/U (MG/Ll 

13000 32400 62820 2000 4480 3310 
3190 16500 62000 1000 5320 2800 
3420 20300 68020 1300 7280 3320 
5730 18600 49140 1700 7560 2870 
2170 21000 10460 1200 6160 3720 
7200 39100 7600 1200 4480 2710 
7490 21500 9360 2000 5264 2550 

12200 26600 7600 1200 6348 2690 
16100 36200 11440 1800 5040 2730 
9500 22900 2240 1300 7840 2420 
8690 29100 14780 1000 7840 2340 
7460 27400 15580 700 4760 2050 
7280 19400 404200 1200 6160 2170 
7260 18000 78640 287 7560 2210 
7510 20500 259880 310 7560 2400 
6640 18700 10120 333 8400 2290 
3860 18900 507 8960 2300 

27900 43500 23800 780 17640 2760 
25200 32000 20500 793 8120 2900 
7540 29200 24600 368 5880 2870 
9760 24600 59920 1059 8400 2670 
7860 23900 115060 655 7280 2790 

69400 41300 178560 616 6720 1260 
11900 23100 12468 1287 8960 2150 
13400 27000 97560 984 5880 3080 
6130 14200 5590 818 5320 1930 
4530 12500 62200 371 5320 1730 

10400 21700 3760 736 5600 2440 
23900 29500 5200 404 3080 2440 
10400 18400 3860 2156 11760 1840 

62 62 61 62 62 62 
72800 480000 404200 3500 19040 8400 

897 11300 919 287 1960 560 
14125 49279 37836 1200 6539 2609 
8770 23200 14780 1200 6160 2430 

15464 90696 66742 616 2839 1149 

pH Density 
(SU} (G/ML) 

6.70 1.00 
5.00 1.01 
6.80 0.99 
6.70 0.99 
6.50 1.00 
6.00 1.01 
6.80 0.99 

1.00 
6.60 1.00 

1.00 
6.80 0.99 
6.60 0.99 
6.90 1.00 
7.10 1.00 
6.60 1.00 
6.80 099 
6.60 1.00 
6.70 1.00 
7.00 1.00 
6.20 1.00 
6.60 1.00 
6.50 1.00 
6.70 1.00 
6.50 1.00 
6.70 1.01 
7.00 1.01 
6.90 1.00 
6.80 1.00 
7.30 1.00 
7.00 0.99 

60 62 
7.39 1.03 
5.00 0.98 
6.52 1.00 
6.67 1.00 
0.52 0.01 



TSS 
DATE fma/U 

10-Sep-93 20,400 
28-Oct-93 34,400 
3-Nov-93 70,200 

17-Nov-93 68,600 
19-Nov-93 52,100 
10-Dec-93 58,300 
17-Dec-93 35,800 
21-Jan-94 35,400 
28-Jan-94 70,140 
9-Feb-94 109,000 

17-Feb-94 50,600 
9-Mar-94 50,200 

24-Mar-94 69,900 
23-May-94 42,100 
30-May-94 73,600 
15-Jun-94 30,600 
22-Jun-94 39,100 
20-Jul-94 46,600 
27-Jul-94 36,700 

16-Aug-97 150,000 
25-Aug-94 48,600 
20-Sep-94 55,100 
27-Sep-94 37,100 

1-Oct-94 54,200 
7-Oct-94 48,200 

17-Nov-94 49,700 
23-Nov-94 36,700 
14-Dec-94 88,900 
21-Dec-94 137,000 

StarKist Samoa Onshore Monitoring 
Results of Composite (Storage Tank) Samples 

S b 1993 S b 1996 eptem er - eptem er 

TVSS BODS O&G TP TN Ammonia 
fma/Ll fmg/L) (mg/L) (mg/L) lma/U fma/U 
13,500 3,920 252 3,790 1,960 
19,500 37,800 6,280 87 6,570 8,220 
51,000 55,400 6,940 115 9,810 10,800 
45,600 83,900 29,300 670 9,120 7,965 
33,100 44,900 25,500 552 6,210 9,105 
45,300 73,527 4,950 651 7,000 4,190 
20,800 67,247 10,100 502 5,110 3,040 
17,400 57,425 8,110 526 6,380 4,930 
52,600 60,958 19,700 1,040 7,850 4,230 
89,300 73,236 29,800 1,250 7,290 3,690 
34,300 54,610 14,600 915 7,480 4,140 
29,200 65,167 4,500 897 1,750 283 
46,800 112,261 20,100 3,210 14,300 9,700 
25,700 58,327 13,669 655 5,120 3,510 
58,100 125,375 22,352 1,072 6,900 4,410 
12,800 67,282 6,535 608 4,940 3,420 
28,900 38,781 23,013 734 4,600 2,290 
2,700 103,767 26,415 1,740 7,090 5,200 

19,600 131,250 14,979 674 5,390 4,470 
131,000 96,833 51,903 2,530 5,330 1,910 

35,800 103,072 76,256 1,040 3,180 282 
38,500 95,483 32,696 1,270 5,190 4,580 
24,200 102,428 13,433 618 5,120 3,990 
35,300 95,567 15,008 620 5,540 3,060 
26,400 96,644 14,123 512 5,040 3,900 
33,300 66,709 187,779 950 8,290 4,300 
21,200 66,366 16,179 662 6,150 4,220 
63,200 99,026 30,084 1,180 5,060 3,390 

113 000 100 911 61 901 1,110 2,370 295 

pH Density 
(SU) (g/ml) 

6.89 1.01 
6.95 1.02 
6.70 1.03 
6.54 0.94 
6.80 1.01 
6.86 0.95 
6.50 1.00 
6.93 1.03 
6.88 0.99 
6.50 0.98 
6.73 1.01 
6.98 0.97 
7.13 0.96 
6.84 1.02 
6.18 0.97 
6.46 1.02 
6.23 1.00 
6.73 0.99 
6.68 1.01 
6.52 0.94 
5.47 0.97 
6.96 0.98 
6.62 0.99 
6.35 1.00 
6.52 0.99 
6.71 1.01 
6.63 1.01 
6.10 1.03 
5.40 1.00 



TSS 
DATE (mall) 

27-Jan-95 60,800 
31-Jan-95 64,000 
25-Feb-95 64,300 

2-Mar-95 56,300 
3-Mar-95 53,600 

11-Mar-95 117,000 
7-Apr-95 61,100 

13-Apr-95 27,300 
3-May-95 79,300 

10-May-95 46,400 
28-Jun-95 41,500 

5-Jul-95 53,200 
6-Jul-95 62,600 

26-Jul-95 65,700 
1-Aug-95 60,000 
9-Aug-95 32,500 

14-Sep-95 46,200 
28-Sep-95 42,500 
19-Oct-95 86,800 
27-Oct-95 42,700 
15-Nov-95 48,500 
28-Nov-95 22,400 
19-Dec-95 80,700 
15-Jan-96 35,200 
24-Jan-96 50,300 
7-Feb-96 39,900 

21-Feb-96 51,800 
13-Mar-96 46,900 
22-Mar-96 34,100 
23-Apr-96 43,700 
30-Apr-96 61,500 
2-May-96 60,000 

15-May-96 64,000 
19-Jun-96 109,400 
27-Jun-96 62,100 
10-Jul-96 77,200 
30-Jul-96 81,900 
7-Aug-96 74,300 

28-Aug-96 59,400 
5-Sep-96 79,600 

19-Seo-96 92 600 

No. Samples 70 
Maximum 150000 
Minimum 20400 
Mean 59122 
Median 53900 
St. Dev. 24702 

StarKist Samoa Onshore Monitoring 
Results of Composite (Storage Tank) Samples 

b 1993 S b 1996 Septem er - eptem er 

TVSS BODS O&G TP TN Ammonia 
(mall) (mgll) (mgll) (mglU tmalU tmalll 
44,000 74,889 25,340 789 4,100 4,800 

4,470 82,339 22,721 1,110 6,660 5,160 
49,400 95,139 56,793 997 6,660 5,170 
40,700 101,978 50,204 612 3,940 3,330 
38,600 106,856 39,360 933 4,500 3,650 
84,100 94,628 36,286 3,830 4,370 3,720 
39,300 93,505 40,968 3,100 2,820 2,290 
20,700 50,893 17,648 361 1,790 1,560 
60,300 136,750 31,841 1,400 6,390 434 
33,600 111,611 16,791 666 4,820 4,050 
29,300 63,726 18,098 502 2,807 2,310 
38,800 113,300 13,526 791 5,570 3,870 
46,900 95,850 35,005 940 9,640 5,230 
45,000 67,268 18,619 1,100 5,920 4,470 
36,800 77,311 13,579 817 6,350 3,990 
18,600 64,220 9,103 525 3,490 2,990 
30,800 51,950 5,134 652 3,250 2,910 
25,000 93,550 10,898 667 4,980 3,060 
58,000 122,500 14,635 2,200 6,490 3,850 
27,100 72,289 13,504 626 5,820 4,210 
26,800 74,089 33,710 691 4,220 3,410 
10,300 70,686 5,038 609 5,430 3,880 
61,600 95,661 22,771 1,070 8,120 4,610 
22,900 60,901 11,239 846 5,010 3,870 
35,700 62,132 21,240 975 4,330 3,740 
24,400 63,229 40,929 639 5,020 3,260 
36,900 64,295 34,066 935 6,720 3,840 
31,200 75,369 18,090 654 5,550 2,910 
18,200 68,610 8,526 546 4,930 3,310 
27,100 79,633 28,399 353 3,400 1,430 
44,600 73,890 39,266 951 6,360 5,270 
40,200 62,077 42,754 866 6,070 4,720 
47,400 65,833 21,046 742 7,200 2,980 
94,200 68,756 49,715 1,290 1,190 5,810 
43,400 66,239 23,065 1,040 8,250 4,950 
70,300 69,327 24,258 1,450 8,930 5,070 
57,800 66,493 31,960 1,430 7,020 1,770 
47,600 55,259 16,153 906 9,160 4,390 
44,200 58,049 22,319 811 6,170 3,140 
63,400 57,818 25,354 981 8,290 4,550 
70,500 55,617 27,124 902 6,850 4,970 

70 69 70 70 70 70 
131000 136750 187779 3830 14300 10800 

2700 37800 3920 87 1190 282 
40832 78533 26103 971 5808 3977 
36850 72289 21780 832 5560 3875 
23284 22434 24512 654 2148 1926 

pH Density 
{SU) (glml) 

6.40 1.01 
6.90 1.01 
6.80 0.99 
6.44 1.01 
6.30 1.00 
6.20 1.01 
6.40 1.00 
6.60 0.99 
6.30 1.00 
6.60 1.00 
6.49 1.01 
6.75 1.01 
6.76 1.00 
6.73 1.00 
6.71 1.00 
6.56 0.99 
6.00 1 00 
6.40 1.00 
6.50 1.01 
6.50 1.00 
6.60 1.02 
6.70 1.00 
6.70 1.04 
6.70 1.00 
6.46 1.00 
6.50 1.00 
6.50 1.01 
6.40 1.00 
6.70 1.01 
6.40 1.00 
6.70 1.00 
6.60 1.01 
6.50 1.00 
6.70 1.00 
6.70 1.00 
6.40 1.00 
6.70 1.02 
6.60 1.01 
7.00 1.00 
6.80 1.00 
6.60 1.02 

70 70 
7.13 1.04 
5.40 0.94 
6.57 1.00 
6.60 1.00 
0.30 0.02 



VOLUME 
DISPOSED CONTROL 

DATE (gallons) 1 (m) I 3 (m) I 10 (m) 

10-Sep-93 310750 1,0 0.9 12 

27-Oct-93 185000 1.2 1.0 1.9 

17-Nov-93 301000 1.7 2.2 2.5 
10-Dec-93 158000 6.3 18.0 8.7 

21-Jan-94 259000 1.8 0.6 0.7 

9-Feb-94 147000 1.4 1.4 1.8 

9-Mar-94 292000 2.0 1 4 1.3 

26-Apr-94 288000 1.5 1.0 2.3 

23-May-94 157000 1.1 1.0 1.0 

15-Jun-94 265000 1.1 1.0 1.4 

21-Jul-94 259000 1.8 0.9 0.8 

16-Aug-94 113300 0.4 0.8 0.8 

20-Sep-94 282000 0.8 1.0 1.7 

1-Oct-94 162000 1.6 0.9 0.9 

17-Nov-94 268000 0.6 1.0 2.0 

14-Dec-94 149000 1.8 0.9 0.8 

27-Jan-95 284000 0.9 2.8 1.3 

25-Feb-95 142000 1.2 1.2 5.4 

3-Mar-95 241000 3.0 3.0 3.7 

8-Apr-95 164000 2.8 2.8 2.0 

3-May-95 195000 2.8 1.0 3.8 

28-Jun-95 154000 0.9 1.8 1.2 

7-Jul-95 244000 1.3 1.3 0.8 

1-Aug-95 199000 1.0 1.6 2.8 

14-Sep-95 224875 1.6 1.2 1.0 

19-Oct-95 207867 1.4 1.1 3.0 

15-Nov-95 175002 3.4 3.0 3.8 

19-Dec-95 329500 1.0 1.0 1.4 

15-Jan-96 154500 0.7 0.8 1.2 
7-Feb-96 305875 1.6 1.2 2.1 

13-Mar-96 310375 2.0 0.8 2.0 

23-Apr-96 261375 1.4 2.4 1.3 

2-May-96 278750 0.6 0.8 0.9 

19-Jun-96 114725 1.4 2.2 1.8 

10-Jul-96 163325 0.8 0.6 0.6 

7-Aug-96 180100 1.0 2.2 1.8 

5-Sep-96 325325 1.4 0.8 1.8 

ep em er - ep· em er 
OCEAN MONITORING DATA FOR TSS (mg/L) 

S t b 1993 S t b 1996 
STATION AND DEPTH 

STATION 1 STATION2 STATION 3 

1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 

1.0 1.1 1.4 1.7 1.1 1.4 0.6 1.5 1.0 
1.6 2.4 2.2 2.6 2.4 1.4 1.6 1.3 1.2 

1.0 1.2 2.3 1.3 1.8 2.4 1.1 1.0 1.2 
7.4 14.9 8.7 9.6 9.5 8.1 7.9 8.3 8.3 

1.2 0.6 2.8 1.7 1.0 1.1 1.0 2.4 1.1 

1.1 1.6 1.8 1.0 1.5 1.0 2.0 1.5 2.2 

3.2 2.2 1.6 1.2 1.0 2.2 2.0 1.0 1.5 

1.0 1.6 1.4 1.8 1.0 1.3 0.6 0.9 0.8 

0.9 1.0 0.9 1.2 1.2 1.6 1.1 0.6 

1.0 3.2 2.0 1.1 1.2 1.5 1.0 1.2 0.7 

0.8 0.9 1.7 0.8 1.8 1.0 1.2 1.0 1.0 

0.8 0.9 0.7 0.9 0.7 0.5 0.6 0.6 1.0 

3.7 0.8 0.8 1.4 2.0 1.8 1.4 1.9 (28) 

1 2 1.6 1.0 1.1 2.5 1.0 1.4 1.2 1.0 
0.5 1.8 0.9 0.8 0.7 0.6 1.0 1.6 1.3 
1.3 1.4 1.0 0.8 1.6 0.5 1.0 1.2 0.9 

1.0 1.8 1.0 2.0 1.6 1.3 1.8 1.4 1.6 

3.6 1.8 1.6 1.0 3.5 3.6 0.8 1.0 3.2 

4.2 1.6 (49) 1.4 4.9 2.2 (19) 2.1 3.0 

1.3 1.0 1.6 1.8 2.0 0.8 2.2 1.8 3.0 

1.2 2.7 4.0 3.9 1.0 0.6 1.4 1.1 1.8 

2.0 1.2 1.5 1.4 1.4 1.1 1.2 0.8 1.0 
1.1 1.0 1.2 1.2 1.2 1.4 1.1 1.0 1.2 
1.6 3.0 6.4 6.2 3.4 6.8 3.8 1.0 2.8 

1.1 1.4 1.0 2.1 1.0 2.2 2.2 0.9 1.2 

1.5 4.8 1.4 4.0 3.9 6.0 4.0 5.2 3.4 

5.2 4.2 3.4 2.0 2.2 5.4 3.8 0.6 3.0 

1.1 1.2 1.4 2.2 2.2 1.6 1.0 1.0 0.9 

1.6 3.4 2.0 1.2 1.2 1.2 0.8 1.0 1.0 
1.6 1.2 1.3 12 0.8 1.2 0.8 0.8 2.0 

1.0 1.0 1.1 1.4 1.2 2.1 1.8 0.9 1.0 

1.8 2.2 1.2 1.6 2.2 2.0 1.8 1.5 1.2 

2.0 1.0 0.8 0.6 0.5 0.7 1.2 0.4 0.6 

1.0 1.6 1.6 1.0 1.6 2.0 1.6 1.2 1.5 
0.6 0.7 1.2 0.6 0.8 0.8 0.6 0.7 1.8 
1.7 1.6 1.8 2.2 1.8 1.0 1.0 1.2 3.6 

4.3 1.0 2.8 1.2 1.5 1.0 0.8 0.8 1.0 

STATION4 STATIONS 

1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) j 10 (m) 

1.6 1.4 2.1 1.6 1.1 1.6 

1.6 1.6 1.8 1.2 1.0 1.0 

2.2 1.0 2.2 1.1 1.0 2.3 

9.2 7.0 9.4 6.7 9.4 6.8 
1.0 1.0 1.3 1.0 1.4 0.8 

1.8 1.8 1.2 0.8 1.0 0.7 

2.0 2.0 1.8 1.6 0.9 1.9 

0.7 1.5 0.9 0.5 0.7 1.6 

1.0 1.0 1.4 1.0 0.9 1.0 

0.9 0.8 2.0 1.6 1.0 0.7 

2.0 2.7 2.0 1.5 0.9 1.6 

0.4 0.4 0.7 1.4 0.6 0.4 

0.7 1.6 0.7 1.3 0.9 1.6 

0.9 1.9 2.0 1.1 1.8 0.8 
3.7 (121.8) 1.8 0.6 0.6 3.4 

3.3 0.7 08 0.9 0.8 1.1 

3.6 2.4 2.1 0.7 0.9 1.4 

3.4 1.0 0.8 1.0 0.9 1.0 

1.3 6.5 3.6 1.4 2.1 1.5 

14.5 1.2 2.4 2.4 1.6 2.4 
2.6 2.4 2.0 1.4 2.3 1.3 
1.4 1.2 1 2 0.9 1.2 1.4 
1.3 1.4 1.1 1.2 1.7 1.2 
3.2 1.6 1.0 1.4 1.8 1.2 
2.2 21 2.0 2.0 2.0 1.9 
3.1 4.0 5.7 3.2 1.2 3.8 
1.1 3.1 2.6 0.6 3.1 3.5 

1.4 1.2 1.0 0.8 09 0.8 

1.0 2.6 2.1 1.0 1.1 1.8 

1.4 1.2 1.0 0.8 1.9 0.8 
1.1 1.5 1.0 1.1 2.0 1.4 
1.6 1.6 1.4 1.4 1.7 1.2 

0.6 1.3 0.6 0.8 0.8 1.4 
2.2 1.1 1.0 1.8 2.2 2.6 

1.4 1.0 0.6 0.6 0.8 1.5 
1.7 1.2 1.0 2.4 1.6 3.1 
1.1 1.0 1.0 3.5 1.4 1.8 



OCEAN MONITORING DATA FOR TVSS (mg/L) 
eo em er - ep em er S t b 1993 S t b 1996 

VOLUME STATION AND DEPTH 

DISPOSED CONTROL STATION 1 STATION2 STATION3 STATION4 STATIONS 
DATE (gallons) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 

10-Sep--93 310750 0,4 0,2 0,3 0,2 0,6 0.4 0,5 0,2 0.4 0,2 0,3 0,2 0.3 0,6 0.4 0.4 0,3 0,4 

27-Oct-93 185000 0,4 0,2 0,6 0,9 0,1 1.0 1.2 0.8 0.6 0.9 0.5 0.7 0.5 0,4 0.6 0.2 0,4 0.2 
17-Nov-93 301000 0.3 0,8 1.4 0,4 0,4 1,1 0,4 0.7 0,6 0,5 0,3 0,6 0.8 0,4 0.6 0.4 0.3 0,8 

10-Dec-93 158000 0,7 (5,2) 12 1.3 2.4 1,5 1,7 1.9 1.3 1,3 1.4 1.2 1.9 1,3 1.5 1.4 0.9 1.3 
21..Jan-94 259000 0,3 0.1 0.1 0.4 0,3 1.0 0,6 0.2 0,4 0.3 04 0.2 0.4 0.3 0.4 0.1 0.4 0,2 
9-Feb-94 147000 0,5 0.6 0.4 0.6 0,8 1.3 0.6 0.6 0,5 0,5 06 0.7 0.6 0.6 0.4 0.2 0.4 0.6 
9-Mar-94 292000 0.6 0,4 0.4 1.1 1.5 0,6 0,6 0.6 0,9 0,6 0,6 1, 1 0,5 0,8 0,5 0.4 0,2 0,6 

26-Apr-94 288000 0,4 0.4 1.0 0,4 0,5 0,6 0.4 0.4 0,6 0.3 0.4 0,4 0,3 0.4 0,3 0,3 0,2 0.4 
23-May-94 157000 0.4 0,4 0.4 0,3 0.2 0,4 0.4 0,6 0.6 0.4 0.4 0,2 0,6 0,6 0.2 0.4 0.4 
15..Jun-94 265000 0,2 0.2 1.0 0.4 1.7 1,9 0.4 0.4 0,2 0,2 0,2 0.2 0.2 0,1 0.4 0,8 0,8 0.2 
21-Jul-94 259000 0,9 0.4 02 0,3 0.4 0,8 0.4 0.6 0,3 0.4 0.4 0.5 0.6 1.2 0,6 0.4 0,4 0.4 
16-Aug-94 113300 0.2 0.2 0,2 0,4 0.2 0,3 0.4 0.2 0.2 0.2 0.1 0,3 0.2 0.1 0.2 0,4 0.2 0.2 
20-Sep-94 282000 0.3 0.5 0.4 0.7 0,2 0,3 0.7 1.0 1.4 0.8 0.6 (23.9) 0.2 0,2 0,2 0.4 0.4 0,1 
1-Oct-94 162000 0.4 0,2 0.2 0.2 0.4 0.2 0.3 0,4 0.2 0.2 0,3 0.2 0.1 0.4 0.4 0.2 0,3 0.3 

17-Nov-94 268000 0.1 0.4 0.6 0.1 0.6 0,5 0,3 0.2 0.2 0.2 0.4 0.2 2,7 (102.2) 0.6 0.2 0.2 2.5 
14-Dec-94 149000 1,0 0,4 0.8 0.7 1.2 0,6 0,6 1.2 0.3 0.6 0,8 0.8 1,0 0.4 0.6 0,6 0.4 0.8 
27-Jan-95 284000 0.1 0,4 0.2 0,3 0.6 0.1 0,9 0,6 0.7 0,8 0,6 0,4 1,4 1,0 0,8 0.1 0,3 0,4 

25-Feb-95 142000 0,5 04 1,8 1.2 0,9 1,0 0.6 1.0 1,4 0.5 0.8 0.9 0,9 0,5 0,5 0.3 0.4 0.3 
3-Mar-95 241000 0,9 0.8 0.8 1.1 0.4 (13.0) 0,4 1,2 0,9 (4.2) 0.6 1.8 0,6 2,6 1.0 0,6 0.8 0,6 

8-Apr-95 164000 1.1 1.3 1.0 0,5 0.4 0,8 0,8 0.6 0.4 0.8 0,9 0,4 (10.6) 0.6 0,6 1.4 0,6 0,6 

3-May-95 195000 1.4 0,7 2,9 0,8 0,9 12 3.5 0.4 0.6 0.4 0,4 0,5 1.0 0.6 0,5 0,7 1.2 0.8 
28..Jun-95 154000 0.4 0.4 0.3 0.8 0.5 06 0.4 0,4 0.6 0.4 0,4 0.2 0.7 0.4 0.4 0.4 0.6 0.5 
7-Jul-95 244000 0.4 0.4 0.3 0.4 0.2 0.4 0,3 0,2 0.4 0.4 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 
1-Aug-95 199000 0.5 0.4 0.6 0.6 0.6 1.4 1.5 0.6 1.6 0.8 0.3 0,8 1.0 0.2 0.2 0,3 0,6 0.3 
14-Sep-95 224875 1.0 0.5 0.4 0.4 0.4 0.2 0.5 0.4 0.6 0.6 0.4 0,6 0.4 0.4 0.6 0.4 0,6 0,7 

19-Oct-95 207867 0.6 0,4 1.0 0,6 1.3 0.6 1.0 1.1 1.3 1,0 1.1 1.0 0.7 1.0 1.2 0,8 0.4 1.0 
15-Nov-95 175002 0,6 0.6 0,8 1.2 0.8 0.7 0,6 0,8 1.4 0.7 0.1 0,5 0.3 0.5 03 0.2 0.6 0.6 
19-Dec-95 329500 0.8 

15..Jan-96 154500 0.3 0.2 0,6 1,0 1.2 1.0 0,6 0.6 0.5 0.4 0,5 0,6 0,6 0.8 0.6 0.4 0.4 0.6 
7-Feb-96 305875 0.4 0.4 0.6 0.3 0.4 0.4 0.3 0,3 0.3 0.2 0.1 0.4 0.6 0.6 0.4 0.2 0.4 0.2 
13-Mar-96 310375 0.4 0,1 0.8 0,2 0,2 0.3 0.4 0.4 0.6 0.4 02 0.2 0.2 0,4 0.3 0.2 0.6 0.4 
23-Apr-96 261375 0.4 0.7 0.3 0.4 0.6 0.4 0.5 0,6 0,5 0.6 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4 
2-May-96 278750 0,3 0.2 0.3 1.2 0.5 0.3 0.2 0.2 0.2 0.2 0.1 0,2 0.2 0.2 0.2 0.2 0.2 0.3 
19-Jun-96 114725 0.6 0.7 0,8 0.4 0.5 0.5 0,5 0.5 0.6 0.4 0.6 0.6 0.6 0.3 0.3 0.5 0.6 1.0 
10..Jul-96 163325 0,3 0.3 0,4 0.2 0,4 0.3 0.4 0.2 0.2 0.2 0,2 0.3 0.4 0.4 0.2 0.3 04 0.4 
7-Aug-96 180100 0.4 0,4 0.4 0.6 0,8 0.8 0.8 0.7 0.4 0.2 0,6 1.1 1.0 0.4 0.4 0.8 0.7 0.7 
5-Sep-96 325325 0.6 0.4 0.7 1,2 0.3 0.7 0,2 0.4 0.2 0.1 0.3 0.3 0,5 0.4 0.4 0.7 0.4 0.4 



DATE 
10-Sep-93 
27-Oct-93 
17-Nov-93 
10-Dec-93 
21-Jan-94 
9-Feb-94 
9-Mar-94 
26-Apr-94 
23-May-94 
15..Jun-94 
21..Jul-94 
16-Aug-94 
20-Sep-94 
1-Oct-94 

17-Nov-94 
14-Dec-94 
27-Jan-95 
25-Feb-95 
3-Mar-95 
8-Apr-95 
3-May-95 
28-Jun-95 
7-Jul-95 
1-Aug-95 

14-Sep-95 
19-Oct-95 
15-Nov-95 
19-Dec-95 
15-Jan-96 
7-Feb-96 

13-Mar-96 
23-Apr-96 
2-May-96 
19-Jun-96 
1 0-Jul-96 
7-Aug-96 
5-Se -96 

VOLUME 
DISPOSED 

allons 
310750 
185000 
301000 
158000 
259000 
147000 
292000 
288000 
157000 
265000 
259000 
113300 
282000 
162000 
268000 
149000 
284000 
142000 
241000 
164000 
195000 
154000 
244000 
199000 
224875 
207867 
175002 
329500 
154500 
305875 
310375 
261375 
278750 
114725 
163325 
180100 
325325 

OCEAN MONITORING DATA FOR O&G (mg/L) 

Se tember 1993 - Se tember 1996 
STATION AND DEPTH 

CONTROL STATION 1 STATION 2 STATION 3 STATION 4 

1 (m) 3 (m) 10 (m) 1 (m) 3 (m) 10 (m) 1 (m) 3 (m) 10 (m) 1 (m) 3 (m) 10 (m) 1 (m) 3 (m) 10 (m) 

0.60 0.60 uo o.80 0.60 o.60 0.60 0.60 0.60 O~ff o.80 o.eo 0.80 0.60 o.u 

o.80 uo o.BU o.80 0.60 o.ao 0.80 0.60 o.60 o~ao 0.60 o.eo 0.80 0.60 o.so 0.80 

0.80 0.80 0.60 0.80 0.60 0.$0 0.80 Uo 0.60 0.80 0.60 11.60 0.80 0.80 0.60 0.60 

0.80 0.60 o.60 G.80 G.60 0.60 0.80 o.60 0;60 o:60 0.60 o;so 0.80 o.60 uo o.i>G 
uo 0.80 o.60 o.60 0.60 o.60 o.ao 0.80 o.60 · o.so 0.60 o.so 0.80 0.80 o.60 o.60 

0.80 0.80 0.60 0.60 0.60 0.60 0.80 0.60 0.60 0.60 0.60 0.80 0.80 0.60 0.60 0.60 

0.81 0.81 0.6.1 0.90 1.60 0.80 0.61 0.61 0;11 0.61 0.61 0.61 0.81 0.81 0.61 0.&1 

0.81 0.61 0.61 G.61 0.61 0.61 0.81 0.61 0.61 0.61 0;&1 0.81 0.81 0.61 0.61 0.61 

0.81 0.61 0.61 0.61 0.61 0.81 0.61 G.11 0.11 0.61 0.81 0.61 0.81 0.61 

0.61 0.81 0.61 0.61 0.61 O.il1 IU1 0.61 0.61 0.61 . 0~61 0.81 0.81 0.61 0.61 0.61 

0.81 0.81 0.61 0.61 0.61. 0.61 0.81 0.61 0.61 0.61 0.11 0.81 0.81 0.81 0.81 0.61 

0,81 U1 0.81 0.61 0.61 0.61 0.81 0.61 0.61 0.61 0.61 0.81 0.61 0.61 0:81 0.61 

1.00 1.00 uo 1.00 1.00 1.00 1.00 1.00 1.50 1.00 uo (12.40) 1.00 1.00 1.00 1.00 

1m 1m 1m 1• ~oo 1m 1m 1m 1m 1• 1• 1• ~oo 1m 1- 1• 

0.81 0.61 0.61 0.61 0.61 0.61 0.81 0.81 0.61 0.61 0.61 1).81 (40.00) (31.60) 3.20 0.61 

1;00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

o.61 0.81 0.61 0.61 il.61 0.61 0.81 0.61 0.61 0.61 0.61 0.81 0.81 0.81 0.61 0.61 

0.81 0.81 0.61 0.61 0.81 o.81 0.81 0.61 0.61 0.61 0.61 0.81 0.81 0.81 0.81 0.61 

0.81 0.61 0.61 0.61 0.61 0.61 0.81 0.61 0.61 0.61 0.111 0.61 0.81 0.81 OJl1 0.61 

0.61 0.61 0.81 0.61 0.61 0.81 0.81 0.61 0.61 0;11 0.61 0.111 (47.60) 0.61 0.61 0.61 

0.61 0.81 0.61 0.61 0.61 0.61 0.81 0.61 0.81 Ct.ii 0.81 0.81 0.81 0.81 0.61 0.61 

U1 0.81 0.61 IU1 0.81 0.81 0.81 0.81 0.11 O.i1 0.61 0.81 0.61 l>.61 0.61 1.08 

0.78 0.81 1.12 0.61 0.61 1.28 1.28 0.78 1.79 0.11. 0.61 0.81 0.81 0.61 0.81 0.95 

0.81 0.61 0.61 0.61 0.61 0.81 0.81 o.61 0.61 0.61 0.61 0.81 0.81 IU1 0.81 0.61 

0.61 0.81 0.61 0.61 0.61 0.81 0.81 0.61 0.61 0.61 0.61 0.111 0.61 0.61 0.111 0.61 

0.81 0.81 0.61 0.61 0.61 0.81 0.81 0.61 0.6.1 0.61 0.61 0.81 0.81 0.61 0.111 0.61 

0.81 0.81 0.61 0.61 0.61 0.81 0.81 0.61 0.61 0.61 0.61 0.81 0.81 0.61 0.111 0.61 

0.81 0.81 0.61 0.61 0.61 0.61 0.81 0.61 0.61 0.11 0.61 0.81 0.81 0.81 0.61 0.61 

0.81 0.81 0.61 0.11 0.61 0.61 0.61 0.81 0.61 0.61 0.61 0,61 0.11 0.61 0.111 0.61 

0.81 0.81 0.61 0.61 0.81 0.61 0.81 0.61 0.61 0.61 0.61 0.81 0.81 0.61 0.61 0.61 

0.11 0.61 0.61 0.61 0.61 0.61 0.81 0.61 0.61 0.61 0.81 0.81 0.61 0.81 0.61 0.61 

0;81 0.61 0.61 0.61 0.61 D.61 0.81 0.81 0.61 0.61 0.61 0.81 0.11 0.81 0.81 0.61 

0.61 0.61 0.61 G.61 0.61 0.81 0.81 0.61 0.61 0.61 0.61 0.61 0.11 0.61 0.61 0.61 

0.61 0.61 0.61 0.61 0.61 0.81 0.81 0.81 0.111 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

0.81 0.81 0.61 0.61 0.61 0.61 0.81 0.81 0.111 0.61 0.61 0.81 0.81 0.81 0.61 0.61 

0.81 0.61 0.61 0.61 0.61 0.61 0.81 0.61 0.111 0.61 0.61 0.81 0.81 0.61 0.61 0.61 

0.81 0.111 0.61 0.61 0.61 0.61 0.81 0.61 0.61 0.81 0.81 0.61 0.81 0.61 0.61 0.61 

0.60 . 0.60 

0.60 0.60 

0.60 0.60 

0.60 0.60 

o.&0 0.60 

0.61 0.61 

0.61 0.61 

0.61 0.61 

0.61 0.61 

0.61 0.61 

0.61 0.61 

1.00 1.00 

1.00 1.00 

0.61 0.111 

1.00 1.00 

0.61 0.61 

il.61 0.81 

il.61 0.61 

il.61 0.61 

0.61 0.61 

0.61 0.81 

0.61 0.61 

0.61 0.61 

0.61 0.111 

0.61 0.61 

0.61 0.111 

0.61 0.61 

il.61 0.111 

0.61 0.61 

0.61 0.61 

0.81 0.61 

0.11 0.61 

0.61 0.111 

0.61 0.61 

0.61 0.61 

0.11 0.81 



OCEAN MONITORING DATA FOR Total Phosphorous (mg-P/L) 
ep·em er - ep· em er S t b 1993 S t b 1996 

VOLUME STATION AND DEPTH 

DISPOSED CONTROL STATION 1 STATION2 STATION3 STATION4 STATIONS 
DATE {aallons) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 

10-Sep-93 310750 0.012 0.025 0.049 0.132 0.049 0.058 0.017 0.Q15 0.025 0.017 0.057 0.041 0.049 0.243 0.058 0.074 0.054 0.066 
27-Oct-93 185000 0.Q14 0.016 0.016 0.026 0.017 0.033 0.115 0.240 0.052 0.039 0.016 0.026 0.028 0.023 0.026 0.014 0.Q15 0.016 
17-Nov-93 301000 0.010 0.Q12 0.013 0.019 0.013 0.027 0.048 0.032 0.022 0.029 0.019 0.Q14 0.026 0.023 0.029 0.034 0.025 0.017 
10-Dec-93 158000 0.034 0.022 0093 0.025 0.036 0.063 0.022 0.084 0.062 0.038 0.034 0.065 0.031 0.083 0.042 0.046 0.038 0.024 
21-Jan-94 259000 0.024 0.024 0.014 0.014 0.057 0.031 0.017 0.006 0.005 0,009 0.010 0.012 0.012 0.006 0.006 0.006 0.007 0.006 
9-Feb-94 147000 0.032 0.028 0.032 0.042 0.044 0.061 0.047 0.047 0.048 0.061 0.038 0.049 0.045 0.030 0.030 0.030 0.038 0.045 
9-Mar-94 292000 0.009 0.015 0.008 0.028 0.024 0.022 0.012 0.023 0.014 0.016 0.015 0.030 0.024 0.024 0.028 0.015 0.017 0.018 
26-Apr-94 288000 0.058 0.114 0.045 0.021 0.018 0.028 0.023 0.027 0.021 0.018 0.018 0.015 0.015 0.020 0.020 0.015 0.015 0.024 
23-May-94 157000 0.027 0.027 0.022 0.016 0.023 0.046 0.037 0.046 0.031 0.019 0.019 0.037 0.Q19 0.019 0.023 0.028 0.025 0.020 
15-Jun-94 265000 0.037 0.067 0.026 0.045 0.030 0.036 0.037 0.178 0.080 0.039 0.037 0.025 0.027 0.029 0.038 0.031 0.031 0.015 
21-Jul-94 259000 0.021 0.Q16 0.024 0.024 0.021 0.029 0.019 0.019 0.017 0.017 0.023 0.019 0.027 0.025 0.043 0.011 0.012 0.012 
16-Aug-94 113300 0.025 0.022 0.027 0.026 0.023 0.053 0.044 0.038 0.032 0.041 0.032 0.034 0.026 0.052 0.115 0.048 0.059 0.057 
20-Sep-94 282000 0.031 0.027 0.032 0.040 0.035 0.032 0.051 0.047 0.075 0.078 0.035 0.213 0.029 0.032 0.033 0.058 0.038 0.033 
1-Oct-94 162000 0.014 0.Q15 0.035 0.026 0.029 0.033 0.022 0.023 0.019 0.031 0.017 0.Q15 0.014 0.Q18 0.025 0.016 0.016 0.016 

17-Nov-94 268000 0.520 0.019 0.021 0.031 0.026 0.023 0.024 0.023 0.019 0.018 0.020 0.Q18 0.390 0.021 0.020 0.120 0.016 0.019 
14-Dec-94 149000 0.023 0.026 0.017 0.038 0.044 0.035 0.Q18 0.015 0.571 0.018 0.Q15 0.Q16 0.020 0.021 0,023 0.019 0.018 0.017 
27-Jan-95 284000 0.013 0.030 0.024 0.039 0.023 0.024 0.035 0.097 0.032 0.032 0.028 0.032 0.039 0.047 0.040 0.042 0.032 0.026 
25-Feb-95 142000 0.014 0.Q18 0.016 0.036 0.034 0034 0.022 0.021 0.020 0.016 0.Q18 0.019 0.015 0.Q15 0.022 0.197 0.018 0.015 
3-Mar-95 241000 0.050 0.021 0.Q18 0.019 0.044 0.039 0.031 0.029 0.050 0.024 0.026 0.028 0.033 0.030 0.024 0.047 0.031 0030 
8-Apr-95 164000 0.030 0.017 0.021 0.029 0.024 0.032 0.024 0.016 0.014 0.027 0.029 0.027 0.025 0.040 0.019 0.022 0.027 
3-May-95 195000 0.050 0.021 0.018 0.019 0.044 0.039 0.031 0.029 0.050 0.024 0.026 0.028 0.033 0.030 0.024 0.047 0.031 0.030 
28-Jun-95 154000 0.063 0.047 0.076 0.067 0.077 0.056 0.072 0.053 0.045 0.048 0.056 0.050 0.307 0.053 0.056 0.065 0.053 0.049 
7-Jul-95 244000 0.045 0.041 0.053 0.045 0.034 0.037 0.051 0.028 0.065 0.042 0.037 0.034 0.040 0.047 0.036 0.046 0.038 0.039 
1-Aug-95 199000 0.020 0.022 0.026 0.025 0.034 0.020 0.028 0.025 0.021 0.061 0.024 0.022 0.017 0.019 0.019 0.019 0.024 0.022 

14-Sep-95 224875 0.172 0.021 0.021 0.015 0.014 0.017 0.Q15 0.014 0.013 0.Q15 0.015 0.016 0.018 0.Q17 0.020 0.021 0.Q15 0.015 
19-Oct-95 207867 0.044 0.043 0.038 0.029 0.037 0.038 0.034 0.040 0.038 0.046 0.024 0.037 0.152 0.034 0.041 0.027 0.034 0.037 
15-Nov-95 175002 0.018 0.019 0.018 0.023 0.026 0.026 0.026 0.034 0.043 0.020 0.018 0.022 0.020 0.017 0.017 0.016 0.037 0,025 
19-Dec-95 329500 0.027 0.026 0.030 0.030 0.033 0.028 0.105 0.079 0.052 0.037 0.034 0.029 0.041 0.045 0.049 0.018 0.023 0.017 
15-Jan-96 154500 0.204 0.052 0.072 0.065 0.069 0.096 0.045 0.077 0.070 0.061 0.048 0.057 0.057 0.090 0.086 0239 0.055 0.079 
7-Feb-96 305875 0.044 0.047 0.050 0.048 0.026 0.043 0.034 0.036 0.035 0.029 0.028 0.035 0.055 0.123 0.045 0.090 0.027 0.032 
13-Mar-96 310375 0.019 0.020 0.023 0.D18 0.017 0.Q16 0.044 0.027 0.030 0.025 0.024 0023 0.017 0039 0.024 0.026 0.031 0.034 
23-Apr-96 261375 0.020 0.017 0.025 0.014 0.021 0.023 0.029 0.027 0.038 0.039 0.040 0.041 0.125 0.025 0.025 0.024 0.026 0.026 
2-May-96 278750 0.041 0.029 0.034 0.042 0.031 0.025 0.014 0.016 0.016 0.013 0.Q15 0.015 0.026 0.024 0.013 0.015 0.017 0.017 
19-Jun-96 114725 0.030 0.032 0.035 0.035 0.571 0.036 0.023 0.033 0.034 0.035 0.034 0038 0.035 0.034 0.030 0.037 0031 0038 
10-Jul-96 163325 0.148 0.022 0.017 0.015 0.017 0,009 0.014 0.012 0.015 0.013 0.005 0.016 0.016 0.016 0.016 0017 0.016 0.017 
7-Aug-96 180100 0.038 0.038 0.047 0.239 0.029 0.046 0.041 0.047 0.044 0.040 0.043 0.042 0.041 0.040 0.047 0.043 0.037 0.036 
5-Seo-96 325325 0.032 0.024 0.040 0.040 0.050 0.066 0.125 0.038 0.034 0.022 0.018 0.020 0.040 0.038 0.037 0.021 0.023 0.024 



OCEAN MONITORING DATA FOR TOTAL NITROGEN (mg-N/L) 
September 1993 - September 1996 

VOLUME STATION ANO DEPTH 

DISPOSED CONTROL STATION 1 STATION2 STATION 3 STATION 4 STATIONS 

DATE (gallons) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) J 3 (m) I 10 (m) 

10-Sep-93 310750 0.133 0.106 0.114 0.597 0.170 0.352 0.121 0.150 0.187 0.176 0.148 0.152 0.152 0.174 0.154 0.151 0.202 0.223 

27-Oct-93 185000 0.222 0.184 0.206 0.463 0.372 0.471 0.480 0.434 0.383 0.272 0.304 0.371 0.266 0.336 0.270 0.174 0.189 0.273 

17-Nov-93 301000 0.033 0.116 0.132 0.160 0.159 0.158 0.148 0156 0.175 0.135 0.177 0.157 0.126 0.191 0.190 0.103 0.102 0.105 

10-Dec-93 158000 0.239 0.126 0.771 0.232 0.202 0.239 0.146 0.190 0.235 0.189 0.184 0227 0.248 0.392 0.197 0.145 0.197 0.166 

21-Jan-94 259000 0.168 0.161 0.179 0.350 0.330 0.406 0.348 0.220 0.357 0.204 0.198 0.185 0.273 0.235 0.212 0.128 0.120 0.118 

9-Feb-94 147000 0.115 0.161 0.215 0.465 0.618 0.712 0.491 0.612 0.473 0.190 0.478 0.970 0.368 0.267 0.270 0.178 0.215 0.199 

9-Mar-94 292000 0.120 0.194 0.165 0.308 0.344 0.388 0.195 0.178 0.228 0.228 0.165 0.292 0.253 0.240 0.308 0.247 0.247 0.198 

26-Apr-94 288000 0.081 0.356 0.214 0.211 0.226 0.342 0.282 0.218 0.213 0.182 0.210 0.165 0.148 0.217 0.199 0.145 0.198 0.193 

23-May-94 157000 0.210 0.215 0.202 0.150 0.187 0.565 0.260 0.272 0.488 0.208 0.191 0.241 0.173 0.640 0.164 0.136 0.118 0.363 

15-Jun-94 265000 0.126 0.158 0.142 0.258 0.252 0.241 0.252 0.320 0.318 0.248 0.238 0.244 0.126 0.133 0.169 0.117 0.138 0.102 

21-Jul-94 259000 0.252 0.135 0.122 0.169 0.148 0.418 0.164 0.200 0.147 0.180 0.518 0.161 0.268 0.213 0.418 0.112 0.155 0.130 

16-Aug-94 113300 0.133 0.150 0.160 0.176 0.177 0.210 0.245 0.203 0.154 0.328 0.168 0.181 0.151 0.172 0.155 0.156 0.139 0.135 

20-Sep-94 282000 0.249 0.210 0.208 0.249 0.198 0.158 0.312 0.522 0.659 0.492 0.243 0.713 0.103 0.157 0.121 0.203 0.201 0.205 

1-Oct-94 162000 0.266 0.173 0.344 0.298 0.318 0.345 0.212 0.253 0.231 0.222 0.210 0.164 0.140 0.172 0.232 0.164 0.189 0.182 

17-Nov-94 268000 (2.180) 0.309 0.181 0.248 0.278 0.237 0.175 0.165 0.110 0.181 0.191 0.146 0.860 0.120 0.189 0.130 0.150 0.130 

14-Dec-94 149000 0.294 0.196 0.142 0.409 0.505 0.362 0.211 0.152 0.236 0.175 0.180 0.208 0.248 0.121 0.137 0.118 0.149 0.129 

27-Jan-95 284000 0.135 0.168 0.132 0.281 0.202 0.249 0.362 0.346 0.248 0.299 0270 0.286 0.260 0.267 0.326 0.197 0.214 0.171 

25-Feb-95 142000 0.136 0.145 0.262 0.292 0.407 0.312 0.181 0.168 0.158 0.156 0.427 0.618 0.219 0.252 0.177 0.945 0.130 0.132 

3-Mar-95 241000 0.159 0.222 0.195 0.785 0.591 0.280 0.155 0.226 0.561 0.298 0.240 0.355 0.432 0.235 0.248 0.400 0.293 0.236 

8-Apr-95 164000 0.303 0.184 0.153 0.668 0.193 0.338 0.220 0.145 0.140 0.268 0.268 0.274 0.448 0.185 0.220 0.176 0.274 

3-May-95 195000 0.124 0.134 0.668 0.262 0.318 0.330 0.399 0.157 0.127 0.157 0.173 0.262 0.195 0.167 0.141 0484 0.345 0.422 

28-Jun-95 154000 0.568 0.322 0.433 0.212 0.232 0.240 0.246 0.175 0.166 0.427 0.171 0.211 0.355 0.191 0.206 0.254 0.282 0.154 

7-Jul-95 244000 0.215 0.143 0.245 0.154 0.130 0.098 0.166 0.125 0.140 0.188 0.088 0.261 0.144 0.168 0.170 0.163 0.123 0.119 

1-Aug-95 199000 0.118 0.106 0.090 0.120 0.201 0.125 0.121 0.107 0.076 0.106 0.108 0.116 0.105 0.111 0.099 0.090 0.127 0.111 

14-Sep-95 224875 0.175 0.144 0.155 0.160 0.142 0.128 0.112 0.107 0.136 0.144 0.118 0.130 0.102 0.105 0.152 0.122 0.106 0.115 

19-Oct-95 207867 0.218 0.151 0.187 0.240 0.230 0.094 0.128 0.332 0.181 0.138 0.136 0.171 0.234 0.140 0.136 0.148 0.160 0.136 

15-Nov-95 175002 0.152 0.144 0.211 0.280 0.262 0.221 0.280 0.217 0.384 0.114 0.103 0.160 0.269 0.159 0.191 0.133 0.180 0.195 

19-Dec-95 329500 0.149 0.175 0.236 0.196 0.222 0.237 0.590 0.399 0.342 0.146 0.142 0.168 0.242 0.302 0.396 0.122 0.107 0.122 

15-Jan-96 154500 0.104 0.122 0.680 0.124 0.213 0.183 0.148 0.255 0.183 0.088 0.153 0.126 0.158 0.228 0.143 0.149 0.114 0.264 

7-Feb-96 305875 0.109 0.125 0.139 0.129 0.097 0.144 0.132 0.161 0.125 0.098 0092 0.120 0 241 0.319 0.203 0.156 0.134 0.139 

13-Mar-96 310375 0.116 0.109 0.140 0.126 0.127 0.133 0.168 0.115 0.183 0.142 0.161 0.152 0.123 0.118 0.113 0.119 0.111 0.116 

23-Apr-96 261375 0.176 0.142 0.151 0.171 0.144 0.238 0.168 0.201 0.244 0.226 0.221 0.246 0.183 0.179 0.141 0.127 0.215 0.150 

2-May-96 278750 0.124 0.118 0.153 0.264 0.149 0.180 0.106 0.106 0.111 0.105 0.142 0.116 0.102 0.110 0.098 0.100 0.102 0.124 

19-Jun-96 114725 0.242 0.178 0.218 0.227 0.206 0.223 0.145 0.146 0.188 0.124 0.122 0.245 0.145 0.128 0.129 0.168 0.146 0.207 

10-Jul-96 163325 0.125 0.137 0.151 0.116 0.110 0.164 0.163 0.146 0.156 0.138 0.160 0.115 0.117 0.123 0.114 0.135 0.137 0.119 

7-Aug-96 180100 0.168 0.332 0.192 0.166 0.190 0.308 0.193 0.208 0.197 0.168 0.182 0.183 0.154 0.184 0.159 0.121 0.136 0.215 

5-Seo-96 325325 0.134 0.116 0.199 0.187 0.226 0.136 0.159 0.131 0.139 0.128 0.129 0.159 0.138 0.162 0.207 0.161 0.147 0.148 



OCEAN MONITORING DATA FOR AMMONIA (mg-N/L) 
eptem er 1 - eptem er S b 993 S b 1996 

VOLUME STATION AND DEPTH 

DISPOSED CONTROL STATION 1 STATION 2 STATION 3 STATION 4 STATION 5 
DATE (gallons) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 1 (m) I 3 (m) I 10 (m) 

10-Sep-93 310750 0.010 0.012 0.014 0.089 0.043 0.080 0.019 0.065 0.084 0.082 0.079 0.068 0.042 0.077 0.083 0.067 0.105 0.109 
27-Oct-93 185000 0.016 0.016 0.018 0.146 0.131 0.156 0.143 0.132 0.093 0.075 0.065 0.121 0.075 0.085 0.073 0.027 0.024 0.032 
17-Nov-93 301000 0.013 0.013 0.033 0.032 0.045 0.075 0.034 0.063 0.083 0.048 0.079 0.062 0.030 0.065 0.083 0.026 0.018 0.023 
10-Dec-93 158000 0.082 0.019 0.199 0.073 0.053 0.084 0.022 0.031 0.023 0.032 0.044 0.042 0.045 0.059 0.037 0.044 0.032 0.027 
21-Jan-94 259000 0.005 0.008 0014 0.060 0.041 0.061 0.031 0.026 0.037 0.048 0.037 0.032 0.052 0.051 0.035 0.010 0.012 0.010 
9-Feb-94 147000 0.001 0.007 0.008 0.048 0.112 0.134 0.073 0.069 0.040 0.014 0.060 0.038 0.047 0.021 0.034 0.005 0.008 0.008 
9-Mar-94 292000 0.012 0.033 0.022 0.125 0.123 0.123 0.035 0.040 0.064 0.070 0.045 0.084 0.118 0.117 0.141 0.069 0.057 0.053 
26-Apr-94 288000 0.026 0.039 0.031 0.042 0.048 0.039 0.064 0.064 0.040 0.040 0.032 0.020 0.030 0.052 0.042 0.023 0.026 0.045 
23-May-94 157000 0.031 0.021 0.010 0.008 0.011 0.030 0.057 0.042 0.064 0.030 0.028 0.047 0.028 0.075 0.034 0.018 0.007 0.053 
15-Jun-94 265000 0.008 0.026 0.006 0.072 0.060 0.074 0.066 0.113 0.110 0.045 0.052 0.068 0.038 0.026 0.033 0.007 0.013 0.012 
21-Jul-94 259000 0.024 0.007 0.008 0.012 0.008 0.034 0015 0.012 0.006 0.025 0.050 0.013 0.076 0.076 0.202 0.010 0.017 0.029 
16-Aug-94 113300 0.012 0.008 0.020 0.013 0.028 0.040 0.047 0.062 0.030 0.079 0.040 0.065 0011 0.015 0.011 0.011 0.010 0011 
20-Sep-94 282000 0.015 0.007 0.016 0.053 0.039 0.027 0.142 0.097 (0.248) 0.091 0.069 0.140 0.008 0.006 0.012 0.017 0.009 0.010 
1-Oct-94 162000 0.019 0.017 0.025 0.055 0.063 0.074 0.060 0.049 0.067 0.035 0.038 0.013 0011 0.032 0.059 0.020 0.016 0.025 

17-Nov-94 268000 0.250 0.008 0.001 0.021 0.035 0.022 0.034 0.032 0.014 0.010 0.030 0.026 0.026 0.020 0.022 0.005 0.003 0.004 
14-Dec-94 149000 0.030 0.011 0.004 0.147 0.182 0.112 0.022 0.009 0.022 0.013 0.008 0.008 0.023 0.006 0.010 0.005 0.011 0.009 
27-Jan-95 284000 0.008 0.007 0.009 0.075 0.026 0.047 0.124 0.116 0.077 0.119 0.096 0.090 0.090 0.113 0.139 0.033 0.021 0.018 
25-Feb-95 142000 0.007 0.009 0.029 0.132 0.179 0.164 0.062 0.049 0.049 0.020 0.029 0.068 0019 0019 0.013 (0.524) 0.009 0.009 
3-Mar-95 241000 0.020 0.014 0.020 0.142 0.095 0.058 0.017 0.023 0.084 0.062 0.053 0.062 0.105 0.063 0.066 0.086 0.084 0.058 
8-Apr-95 164000 0.128 0.093 0.083 (0.224) 0.155 (0.247) 0.191 0.125 0.111 0.134 0.139 0.114 0.078 0.046 0.036 0.047 0.058 
3-May-95 195000 0.008 0.010 (0.241) 0.016 0.038 0.032 0.013 0.011 0.015 0.016 0012 0.045 0.011 0.011 0.012 0.260 (0.242) 0.197 
28-Jun-95 154000 0.026 0.017 0.020 0.018 0.020 0.018 0015 0.004 0.001 0.044 0.008 0.006 0.013 0.003 0.004 0.037 0.014 0.004 
7-Jul-95 244000 0.016 0.013 0.018 0.011 0.014 0.007 0.015 0.010 0.021 0.019 0.048 0.023 0019 0.026 0.014 0.023 0.022 0.020 
1-Aug-95 199000 0.010 0019 0.010 0.047 0.082 0.022 0.013 0.019 0.008 0.009 0.021 0011 0.012 0.009 0.009 0.014 0.016 0.011 

14-Sep-95 224875 0.017 0.005 0.006 0.006 0.005 0.005 0.003 0.006 0.005 0.005 0.006 0.004 0.007 0.004 0.010 0.008 0.009 0.006 
19-Oct-95 207867 0.013 0.008 0.012 0.028 0.016 0.005 0.013 0.033 0.004 0.010 0.020 0.031 0.009 0.004 0.005 0.002 0.006 0.006 
15-Nov-95 175002 0.017 0.014 0.029 0.079 0.074 0.054 0.102 0.073 0.127 0.011 0.009 0.019 0.037 0.017 0.028 0.015 0.018 0.025 
19-Dec-95 329500 0.013 0.015 0.021 0.028 0.067 0.057 (0.351) (0.253) 0.111 0.027 0.023 0.027 0.102 0.135 0.189 0.010 0.009 0.009 
15-Jan-96 154500 0.008 0.008 0.103 0.023 0.029 0.030 0.023 0.031 0.032 0.006 0.018 0.009 0.010 0.013 0.004 0.004 0.005 0.014 
7-Feb-96 305875 0.006 0.003 0.003 0.005 0.004 0.008 0.006 0.008 0.007 0.004 0.005 0.007 0.061 0.056 0.035 0.015 0.007 0.112 
13-Mar-96 310375 0.005 0.005 0.005 0.007 0.008 0.009 0019 0.007 0.060 0.023 0.039 0.037 0.006 0.007 0.007 0.019 0.006 0.005 
23-Apr-96 261375 0.024 0.012 0.013 0.018 0.012 0.025 0.042 0.040 0.053 0.088 0.049 0.068 0.034 0.033 0.029 0.012 0.025 0.012 
2-May-96 278750 0.010 0.006 0.005 0.119 0.038 0.034 0.003 0.003 0.004 0.005 0.011 0.006 0.006 0.007 0.003 0.004 0.004 0.006 
19-Jun-96 114725 0.011 0.012 0.012 0.038 0.016 0.026 0.010 0.007 0.015 0.007 0.008 0016 0.009 0.007 0.006 0.022 0.009 0.017 
1 0-Jul-96 163325 0.016 0.010 0.008 0.007 0.006 0.021 0.048 0.028 0.036 0016 0.013 0010 0.006 0.007 0.006 0.009 0.006 0.007 
7-Aug-96 180100 0.025 0.022 0.012 0.030 0.035 0.030 0.024 0.059 0.057 0.021 0.062 0.056 0.038 0.044 0.035 0.012 0.008 0.025 
5-Sep-96 325325 0.007 0.007 0.010 0.009 0.013 0.013 0015 0.007 0.005 0.006 0.005 0.005 0.005 0.006 0.011 0.006 0.005 0.004 



Calculation of Dilution Using Available Field Data and Discharge Characteristics 

TP (mg-P/1) TN (mg-N/1) Ammonia (mg-N/1) 
Samoa Packing High 

Strength Waste 1200 6160 2430 
Concetration 

StarKist Samoa High 
Strength Waste 832 5560 3875 

Concetration 
Combined Median 

Concentration of High 1008 5848 3181 
Strength Waste 

Depth 1m I 3m I 10 m 1m I 3m I 10 m 1m I 3m I 10 m 
Median Concentrations at: 
Background (Station 1 C) 0.03 0.024 0.026 0.1505 0.151 0.187 0.013 0.012 0.0135 
Station 1 @ 0.0 nmiles 0.029 0.03 0.033 0.232 0.206 0.239 0.035 0.038 0.034 

Station 2 @ 0.25 nmiles 0.031 0.029 0.034 0.181 0.19 0.187 0.0275 0.0325 0.0385 
Station 3 @ 0.5 nmiles 0.029 0.024 0.028 0.18 0.177 0.183 0.025 0.037 0.032 
Station 4@ 1.0 nmiles 0.028 0.03 0.0285 0.183 0.179 0.1735 0.028 0.026 0.0285 

Station 5 - Farfield 0.028 0.026 0.024 0.148 0.149 0.15 0.015 0.0115 0.014 
Calculated Dilutions at: 

Station 1 @ 0.0 nmiles N/C 168,059 144,051 71,753 106,325 112,458 144,609 122,361 155,190 
Station 2 @ 0.25 nmiles N/C 201,671 126,044 191,733 149,945 N/C 219,406 155,190 127,255 
Station 3 @ 0.5 nmiles N/C N/C 504,177 198,232 224,917 N/C 265,116 127,256 171,967 
Station 4 @ 1.0 nmiles N/C 168,059 403,342 179,934 208,852 N/C 212,092 227,242 212,092 

Station 5 - Farfield N/C 504,178 N/C N/C N/C N/C 1,590,694 N/C 6,362,773 



Calculation of Dilution Using Available Field Data and Discharge Characteristics 

TSS (mg/I) TVSS (mg/I) O&G (mg/I) 
Samoa Packing High 

Strength Waste 16800 8770 14780 
Concetration 

StarKist Samoa High 
Strength Waste 53900 36850 21780 

Concetration 
Combined Median 

Concentration of High 36092 23372 18420 
Strength Waste 

Depth 1m I 3m I 10 m 1m I 3m I 10 m 1m I 3m I 10 m 
Median Concentrations at: 
Background (Station 1 C) 1.4 1 1.7 0.4 0.4 0.6 0.61 0.61 0.61 
Station 1 @ 0.0 nmiles 1.2 1.6 1.45 0.45 0.5 0.6 0.61 0.61 0.61 

Station 2 @ 0.25 nmiles 1.4 1.5 1.4 0.5 0.6 0.6 0.61 0.61 0.61 
Station 3@ 0.5 nmiles 1.2 1 1.2 0.4 0.4 0.45 0.61 0.61 0.61 
Station 4@ 1.0 nmiles 1.6 1.45 1.4 0.5 0.4 0.4 0.61 0.61 0.61 

Station 5 - Farfield 1.2 1.1 1.4 0.4 0.4 0.4 0.61 0.61 0.61 
Calculated Dilutions at: 

Station 1 @ 0.0 nmiles N/C 60,152 N/C 467,424 233,712 N/C N/C N/C N/C 
Station 2 @ 0.25 nmiles N/C 72,182 N/C 233,712 116,856 N/C N/C N/C N/C 
Station 3@ 0.5 nmiles N/C N/C N/C N/C N/C N/C N/C N/C N/C 
Station 4 @ 1.0 nmiles 180,453 80,202 N/C 233,712 N/C N/C N/C N/C N/C 

Station 5 - Farfield N/C 360,910 N/C N/C N/C N/C N/C N/C N/C 



Calculation of Distance Between Station 4 and Station 5 
for Ocean Monitoring Sampling 

Distance Corresponding to 1 min of Latitude = 1. 01 nmilelmin 
Distance Corresponding to 1 min of Longitude = 0. 98 nmilelmin 

Date Station 4 Station 5 Difference Distance between 

Lat I Long Lat I Long Lat I Long Stations 4 & 5 
14°S+min. 170°W+min 14°S+min. 170°W+min minutes minutes nmiles 

28-Jun-95 24.32 38.08 24.17 38.33 -0.15 0.25 0.29 
3-May-95 24.35 39.67 24.31 40.03 -0.04 0.36 0.36 
8-Apr-95 24.43 38.08 24.52 38.35 0.09 0.27 0.28 
3-Mar-95 25.55 38.00 25.66 38.31 0.11 0.31 0.32 

25-Feb-95 23.76 37.75 23.79 38.02 0.03 0.27 0.27 
27-Jan-95 24.42 38.85 24.60 39.40 0.18 0.55 0.57 
17-Nov-94 24.67 38.43 24.63 38.71 -0.04 0.28 0.28 
1-Oct-94 24.14 37.48 23.98 37.64 -0.16 0.16 0.23 

20-Sep-94 23.81 37.90 23.50 38.07 -0.31 0.17 0.35 
16-Aug-94 24.39 37.70 24.33 37.94 -0.06 0.24 0.24 
21-Jul-94 23.85 37.22 23.77 37.28 -0.08 0.06 0.10 
15-Jun-94 24.20 38.24 23.82 38.16 -0.38 -0.08 0.39 
23-May-94 24.84 36.72 24.75 36.74 -0.09 0.02 0.09 
26-Apr-94 24.40 38.77 24.15 39.08 -0.25 0.31 0.40 
9-Mar-94 24.22 36.30 24.23 35.97 0.01 -0.33 0.32 
9-Feb-94 23.51 38.50 24.02 39.00 0.51 0.50 0.71 
21-Jan-94 23.73 38.54 24.08 38.52 0.35 -0.02 0.35 
1 0-Dec-93 24.60 38.30 24.85 39.01 0.25 0.71 0.74 
17-Nov-93 24.83 39.21 24.67 39.40 -0.16 0.19 0.25 
27-Oct-93 25.41 37.50 25.60 37.73 0.19 0.23 0.30 
10-Sep-93 24.00 37.80 23.80 38.50 -0.20 0.70 0.72 

Min 0.09 
Max 0.74 

Mean 0.37 
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Executive Summary 
The ocean dumping permits issued to StarKist Samoa and VCS Samoa Packing require a 
variety of monitoring and reporting activities. One such activity is a re-evaluation of previ
ous bioassay testing and dispersion modeling reported in previous studies. This activity is 
described in special condition 3.3.5 of the permits issued to each of the canneries. This re
port presents the results of the bioassay tests and modeling done under this special condi
tion. 

High strength waste, to be disposed of by ocean dumping, was sampled from each cannery 
as it was transferred to the FV Tasman Sea. Samples were taken three times, during various 
seasons of the year, and shipped to Advanced Biological Testing (ABT) in Tiburon, Califor
nia. At ABT bioassays were conducted with a number of test organisms as required by the 
permits. The methods and test species used were modified in consultation with USEP A as 
the study progressed. The lowest LCS0 recorded in the series of bioassays was 0.12 percent. 

The previous modeling was done during the preparation of an Environmental Impact 
Statement done by U.S. Environmental Protection Agency. This modeling was reviewed 
and evaluated. CH2M HILL used a different approach to estimate an initial dilution 
(consisting of an immediate dumping dilution and a nearfield dilution). The two compo
nents of the initial dilution were based on propeller theory and the concept of a momentum 
jet. The farfield dilution was based on the same model (mathematical and physical descrip
tion) previously used, but implemented with a spreadsheet application. 

The results of the model, although considered quite conservative, indicated somewhat 
higher dilutions at the edge of the dumping zone than previously predicted by the model 
used in the FEIS. Direct comparisons cannot be made since the vessel in use is not the same. 
However, predictions for the worst case, corresponding to average ocean currents, in the 
summer, and at maximum discharge rate, indicate a concertration at the edge of the dump
ing zone that is 0.0021-(LCS0) described above. 
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1. Introduction 

The Regional Administrator of EPA Region IX determined that ocean disposal of fish 
processing wastes off American Samoa meets EP A's ocean dumping criteria (40 CFR Parts '227 
and '228). Based on this determination EPA issued special ocean dumping permits to Star Kist 
Samoa, Inc. and VCS Samoa Packing, Inc. on September 1, 1993. Special condition 3.3.5 of both 
permits requires bioassay testing of the waste from each cannery and a re-evaluation of the 
model previously used to predict concentrations of fish processing wastes disposed of at the 
designated disposal site. A copy of this special condition is provided in Appendix 1. This 
section of the report describes the purpose of the report, presents pertinent background 
information, and describes the organization of the materials presented in subsequent sections. 

Purpose 
The purpose of this report is to document the results of the bioassay and modeling studies re
quired by the special ocean dumping permits under special condition 3.3.5. StarKist Samoa 
(Permit No. OD 93--1 Special) and VCS Samoa Packing (Permit No. OD 93--01 Special) were re
quired to conduct and submit the results of toxicity tests on fish processing wastes generated at 
the permittees' American Samoa packing plants. The wastes tested were OAF sludge and other 
high strength waste streams that are barged to sea for disposal at the permitted dump site. The 
report describes the methods and results of the bioassay tests. 

Permit condition 3.3.5 requires that the bioassay results be used to re-evaluate the previous 
model predictions of dispersion of the plume created by dumping fish processing wastes at sea. 
The model re-evaluation was conducted by: applying a previously used model exactly as de
veloped, evaluation of the previous model for application to the current disposal operations, 
and development and application of a revised more sophisticated model(s). The report de
scribes these modeling exercises and the results of the model predictions. 

Background 
StarKist Samoa and Samoa Packing (the canneries) began ocean disposal of OAF sludge off the 
south coast of Tutuila Island in December of 1980 (Permit Number: OD 79--01/02 Special). A 
field study of the fate and transport of the waste was described by Soule and Oguri (1983). In 
1990 the disposal site was moved further offshore into deeper water based on an Environmental 
Impact Statement done by EPA (1989) and a supplementary mathematical model study (SOS, 
1990). The existing permit was issued for the deep water site in 1993 (effective date of 1 
September 1993- expiration date 31 August 1996). 

The existing permits allow disposal at the deep water site mentioned above approximately 5.16 
nautical miles offshore in a water depth of about 9000 feet. The dump site is a circle of 1.5 nauti
cal mile radius. The permit allows the disposal of up to a total of 200,000 gallons per day in
cluding: OAF sludge (60,000 gallons per day) and high strength process stream wastes ((100,000 
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gallons per day of precooker water and 40,000 gallons per day of press water)_ The concentra
tions of various physical and chemical parameters are limited in the permits. Special conditions 
in the permits require monitoring and analysis of the fish processing wastes to be disposed of, 
monitoring of vessel operations and position, notices to regulatory agencies, receiving water 
monitoring, and biological community observations and reporting. 

This report was prepared under special condition 3.3.5 as discussed above and reproduced in 
Appendix 1. A draft study plan was prepared and submitted to USEPA and ASEPA in No
vember 1993 (CH2M HILL, 1993). Comments were received from EPA on the study plan in a 
letter dated 10 December 1993. These comments concerned details of the bioassay sample col
lection, shipping, and certain protocols of the bioassay tests. The comments were easily ac
commodated and the draft study plan was not revised. The final study plan consists of the 
Draft Study Plan and the EPA comments which are included as Appendix 2. In addition, some 
changes were made to the bioassay test protocols and procedures, with the concurrence of EPA. 
These changes are documented in descriptions of the bioassay tests below, and in the following 
section of the report. 

Scope of Report 
The special permit condition addresses two distinct efforts: bioassay testing and model re
evaluation. Although the results of the bioassay testing can be used with the model results to 
predict the potential for toxicity, the two parts of the study are quite different and are best 
described independently_ Therefore, this report is presented in three main parts: a description 
of the bioassay test results, a description of the results of the modeling, and a final section 
presenting conclusions and recommendations. References are provided and additional 
detailed information is provided in Appendices. 

For the bioassay tests, this report basically summarizes the previous memoranda sent to EPA 
after each of the sampling and testing episodes. For the modeling portion of the studies the 
report extends the memorandum previously sent to EPA summarizing the results and provides 
detail descriptions of the modeling study to a level sufficient to allow independent review of the 
modeling. The interpretation of the modeling, incorporating the bioassay information, has not 
previously been addressed and is formalized in this report. 
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2. Bioassay Testing 

Bioassay tests were conducted as required in the permits with modifications as approved by 
EPA and documented below. General guidance for these tests was provided by USEPA (1991), 
ASTM (1992), and the EPA/COE "Green Book" (1991). Specific guidance for performing bio
logical-effects tests for Ocean Disposal permits are outlined in Part III, Section 11 of the Green 
Book; Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual (EPA and COE, 
1991). However, the fish processing wastes to be disposed under the permits are not similar to 
solid dredged materials. The high strength waste materials are mostly positively to neutrally 
buoyant liquid phase wastes. The physical and chemical nature of the wastes required that the 
tests be conducted as effluent tests, which was agreed to by EPA (see Appendix 2). The follow
ing sections briefly summarize the methodology for sampling and testing, and report the results 
of the tests. More detail is given in the Study Plan (Appendix 2) and the standard operating 
procedures (SOP) for the collection of the high strength wastes (HSW) (Appendix 2). Ap
proved changes made to the permit conditions and study plan as the study proceeded are de
scribed and documented below. 

HSW Sampling Procedures 
High strength waste samples were collected at each cannery from the existing sampling ports 
in the storage tank transfer lines. Three samples were taken at 10 minute intervals while waste 
was being transferred from the storage tanks to the barge. Samples for the bioassay tests were 
composited from the three discrete samples. Waste from each cannery was sampled and tested 
separately. Detailed procedures used for sampling, sample handling, and shipping are in
cluded in the SOP referenced above. The sampling periods were modified from the original 
sampling plan as follows: 

• 
• 
• 

Originally scheduled 30 November 1993: 
Originally scheduled 28 February 1994: 
Originally scheduled May 31, 1994: 

Sampled 16 February 1994 
Sampled 20 October 1994 
Sampled 23 June 1995 

Changes in sampling and testing periods were approved by EPA as described in the correspon
dence included in Appendix 4. 

Test Species 
The permit condition requires toxicity testing with three species selected from three groups 
listed in section 3.3.5 of the permit. The study plan initially set up a proposal that the tests be 
conducted with the pacific mysid shrimp (Holmesimysis costata) juveniles, pacific sanddab 
(Citharichthys stigmaeus) juveniles, and purple sea urchin (Strongylocentrotus purpuratus) larvae. 
The rational for this selection is provided in the Study Plan (Appendix 2). It was further pro
posed that, if necessary, Mytilus sp. (mussels) would be used as a backup species to the sea ur-
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chin and white shrimp (Paneaus vannami) would be used as a back-up test species for the mysid 
shrimp should the primary test species be unavailable at the time of the bioassays. 

In their comments on the study plan (see Appendix 2) EPA recommended replacing Holme
simysis costata with Mysidopis bahia which was done. For the first of the three required testing 
episodes both Mytilus edulis (blue mussel) and Strongylocentrotus purpuratus were tested, and, as 
described in more detail below, Mytilus was selected for the following tests. Because of diffi
culties in spawning Mytilus was not tested during the third test. 

Testing Methodology 
The testing methodologies used for acclimation and holding of test organisms, sample 
preparation, and experimental conditions and procedures, QA/QC, and data analysis are 
described in the Study Plan (Appendix 2) and in the detailed laboratory reports (Appendix 
5). However, one aspect of the testing procedures, the potential for and handling of high 
100D, deserves special note. Initial dissolved oxygen demand (100D) has been determined to 
be a problem with cannery effluent and high strength waste streams. Preliminary 100D meas
urements were done at the canneries in October of 1993. The results indicate a typical l00D 
demand within the first 15 minutes and a second high demand that occurs between 10 and 14 
hours. The second demand can, if not anticipated, compromise and even make useless a bioas
say test in progress. The results of these 100D measurements were used for guidance in de
termining sample dissolved oxygen (DO) conditions and aeration procedures required for the 
bioassays in this study. Advanced Biological Testing of Tiburon, California, performed the bio
assays and was able to anticipate and account for this aspect of the tuna cannery wastes. 

Results of the Bioassay Tests 
Three sets of bioassay tests were conducted on the HSW for each cannery. The results of these 
tests were reported to USEP A and ASEP A in separate memoranda for each testing episode. 
Modifications and changes to the original study plan were made for each of the tests as docu
mented in the memoranda and in communications with EPA provided in Appendix 4. Each of 
these testing episodes is briefly reviewed below and the results of all of the tests are given in 
Table 2.1. 

First Set of Bioassay Tests 
Sampling for the first bioassays tests was done in February 1994 (see EPA comments on the 
Draft Study Plan in Appendix 2). Detailed methods and results of the tests are presented in the 
attached: "Results of a Bioassay Conducted on Two High Strength Waste Samples from the Van Camp 
and Star Kist Tuna Canneries in American Samoa" prepared by Advanced Biological Testing Inc., 
Tiburon, California, and provided in Appendix 5. Acute effluent bioassays were conducted on 
four species including the three listed in the study plan plus one of the alternates. The species 
used were Mysidopsis bahia (mysid shrimp) juveniles, Mytilus edulis (blue mussel) larvae, 
Strongylocentrotus purpuratus (purple sea urchin) larvae, and Citharichthys stigmaeus (speckled 
sanddab) juveniles. The results of these bioassays are summarized in the Table 2.1 below and 
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were provided to EPA as a memorandum to the American Samoa Project Manager 
(CH2M HILL, 1994). 

Based on the results of the first set bioassays, CH2M HILL recommended two changes to the 
HSW bioassay protocol as follows: 

• Reduction of the upper end of the HSW concentration series for all bioassays to a 
maximum of 3.0 percent. This was done for the first set of tests after discussions 
with EPA as reported in the laboratory report (Appendix 5). No additional infor
mation is required at concentrations greater than 3.0 percent and reducing the 
maximum concentrations reduces the amount of HSW that needs to be sampled and 
shipped. We recommended a series of concentrations for the bioassays of 3.0%, 
1.5%, 0.8%, 0.2%, 0.1%, and 0.05%. 

• Continue running bioassays with Mytilus edulis while monitoring the effects of aera
tion on organism mortality and drop the use of Strongylocentrotus purpuratus larvae 
as test organisms for the HSW. This recommendation was made for the following 
reasons: 

Special Condition 3.3.5 of the permits required only three organisms be 
tested; one organism each out of three specified groups. Mysidopsis bahia 
and Citharichthys stigmaeus satisfy the requirements for Groups 2 and 3. 
Group 1 contains larval stages of both bivalves and echinoderms and 
running just Mytilus edulis should satisfy this requirement. 

Because of the high oxygen demand of the effluent, all test containers re
quired aeration throughout the tests to maintain adequate oxygen concen
trations for the test organisms. Aerating the chambers using Mytilus 
edulis and Strongylocentrotus purpuratus larvae as bioassay test organisms 
gives problematic results. Aeration is standard protocol for bioassays on 
fish and invertebrates when oxygen levels fall below 40% of saturation, 
but is not standard protocol for bioassays on larval bivalves and echino
derms. The effects of aerating the water on the survival of these organ
isms is not known. Because the Mytilus edulis bioassays are only run for 
two days (vs. four for the Strongylocentrotus purpuratus) the organisms are 
exposed for half the time and the effects of aeration may be reduced. 

- The mortality of the control group was substantial for the echinoderms 
and is unacceptable according to protocol. The cause of the high mortal
ity in the control is not known. 

The results and methods for the first set of tests and the recommendations described above 
were reviewed and accepted by EPA as documented in the attached communications dated 29 
August 1994 (Appendix 4). The recommendation for reducing the maximum concentrations of 
the samples was accepted by U.S. EPA and, after consultation between Advanced Biological 
Testing and EPA, new test concentrations were established for the mysid, mussel, and sanddab 
tests of 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as a volume dilution in 30 ppt sea water. The 
recommendation for dropping the urchin test was accepted by U.S. EPA The mussel test was 
continued to investigate the effects of aeration as described below. Other recommendations 
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were made by EPA in the letter, which were adopted as described below and in the detailed 
laboratory reports. 

Second Set of Bioassay Tests 
The results of the second set of tests are presented in the attached: "Results of a Bioassay Conducted 
on Two High Strength Waste Samples from the Van Camp and StarKist Tuna Canneries in American 
Samoa" prepared by Advanced Biological Testing Inc. (ABT), Tiburon, California, (Appendix 6). 
The second sampling was conducted in October 1994. Acute effluent bioassays were conducted 
on Mysidopsis bahia (mysid shrimp) juveniles, Mytilus edulis (blue mussel) larvae, and 
Citharichthys stigmaeus (speckled sanddab) juveniles. The results of these bioassays are 
summarized in the Table 2.1 below and were provided to EPA as a memorandum to the 
American Samoa Project Manager (CH2M HILL, 1995a). 

In the first test described above it was determined that due to the high oxygen demand, 
including a high immediate oxygen demand, of the effluent all test containers required aeration 
throughout the tests to maintain adequate oxygen concentrations. Aeration is standard 
protocol for bioassays on fish and invertebrates when oxygen levels fall below 40% of 
saturation, but is not standard protocol for bioassays on larval bivalves and echinoderms. 
Therefore, aerating the chambers containing Mytilus edulis may give problematic results. In the 
second test gentle aeration was initiated on Day 0, and continued for the duration of the tests. 
To assess the effects of aeration, an aeration control for the mussel test was run simultaneously. 
No statistical differences were observed between aerated and unaerated controls. It was 
recommended that this type of aeration continue to be used with the mussel test. 

Third Set of Bioassay Tests 
The results of the third set of tests are presented in the attached: "Results of a Bioassay Conducted 
on Two High Strength Waste Samples from the Van Camp and Star Kist Tuna Canneries in American 
Samoa" prepared by Advanced Biological Testing Inc. (ABT), Tiburon, California, (Appendix 7). 

The third sampling was conducted in June 1995 this test was delayed to get better seasonal 
coverage with the concurrence of USEPA (see Appendix 4). 

Acute effluent bioassays were conducted on Mysidopsis bahia (mysid shrimp) juveniles and 
Citharichthys stigmaeus (speckled sanddab) juveniles using HSW collected separately from the 
StarKist Samoa and VCS Samoa Packing canneries in Pago Pago Harbor, American Samoa. The 
results of these bioassays are summarized in Table 2.1 below and were provided to EPA as a 
memorandum to the American Samoa Project Manager (CH2MHILL, 1995b). For this 
sampling Mytilus edulis (blue mussel) larvae were unavailable as the mussels were spawning. 
The U.S. EPA reviewed the problem of the mussel spawning and waived the requirement to 
conduct the bioassay test on the mussel larvae for this sampling period (see Appendix 4). 
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Summary of Results of the Bioassay Tests 
Table 2.1 summarizes the results of the bioassay tests. As noted above, each of the testing 
episodes is reported on in detail in Appendices 5, 6, and 7. 

Table 2.1 
Summary of High Strength Waste Bioassay Results. 

StarKist Samoa VCS Samoa Packing 
Test Organism Endpoint 

2/94 10/94 6/95 2/94 10/94 6/95 

C itharichthys LCso 0.27% 0.35% 0.396% 0.59% 0.37% 0.626% 
stigmaeus 
(sanddab) 

NOEC 0.20% 0.25% 0.25% 0.40% 0.25% 0.25% 

LOEC 0.40% 0.50% 0.50% 0.80% 0.50% 0.50% 

Mysidopsis bahia LCso 0.12% 1.16% 0.675% 0.59% 0.79% 0.625% 
(mysid shrimp) 

NOEC 0.05% 0.50% 0.125% 0.05% 0.50% 0.25% 

LOEC 0.10% 1.00% 0.25% 0.10% 1.00% 0.50% 

Mytilus edulis LCso >1.20% >2.0% 2 >1.20% >0.20% 2 

(blue mussel) 

ICso <0.08% 0.10% 2 <0.08% 0.18% 2 

Strongylocentrotus LCso 1.20% - - 1.20% - -
pupuratus 
(urchin)1 

ICso <0.08% - - 0.10% - -

I Urchin test not conducted in second and third test periods (w / concurrence of U.S. EPA). 
2 Mussel larvae not available for test, requirement waived by U.S. EPA for this test. 
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3. Model Evaluation 

This section describes the re-evaluation of the previous model predictions of dispersion of the 
plume created by dumping fish processing wastes at sea. The previous predictions are pre
sented in Appendix B of the FEIS (EPA, 1989) and in a supplementary study (SOS, 1990). Ap
pendix B of the FEIS is reproduced in Appendix 8 of this report for convenience. The model re
evaluation was conducted in three phases as describe below. The three steps were: 

• The existing model formulation, as described in the 1989 FEIS were used as de
scribed. The previous model was implemented as an Excel 5.0 spreadsheet and 
the results of the new formulation checked against the previous results. The 
model predictions are then used by applying the new bioassay test results pre
sented in the previous section and this evaluation is provided in the conclusions 
and recommendations section of the report below. 

• The input data and assumptions used in the model were examined and evalu
ated. Sensitivity studies were done for critical parameters, including assumed 
values for diffusion coefficients, initial dilution, and ambient conditions. The 
appropriateness and applicability of previously assumed values are discussed. 

• A somewhat different approach, for the initial dilution as the waste is pumped 
into the propeller slipstream was developed. The objective of the new approach 
for initial dilution with a different model is intended to account for changes in 
vessel characteristics and operational methods and to develop more representa
tive overall model predictions. 

A summary of the model evaluation was provided to USEPA and ASEPA in a memorandum 
prepared by CH2M HILL (1995c). The descriptions below expand and further document the 
summary previously provided. 

Previous Model Formulation 
The previous model (FEIS model), based on an approach originally developed by Brooks (1960), 
is typically very conservative in similar applications. Other assumptions in the model are also 
conservative. The results of the model are presented in terms of dilution (or concentration) of 
fish processing waste versus distance from the initial dump site. Based on the results of the bio
assay tests, the distance from the dump site where the effluent is diluted to the limiting permis
sible concentration (LPC) level can be determined. 

The FEIS model formulation, based on the approach presented by Brooks (1960), is essen
tially the same basic model as CDIFF (Yearsley, 1989). The formulation developed by 
Brooks calculates the lateral diffusion of a discharge plume as it is advected in the longitu
dinal direction and does not account for longitudinal dispersion. As initially developed by 
Brooks, the approach does not account for vertical diffusion, does not provide for the settle
ment of negatively buoyant constituents in the plume, and does not account for the dispersion 
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of a positively buoyant plume or positively buoyant components of the discharged material. In 
addition the model, as implemented in the FEIS, assumes a line source of constant source 
strength. 

The FEIS model provides for a settling velocity by redefining the longitudinal coordinate at a 
downward angle defined by the relationship between the longitudinal current speed and as
sumed vertical settling velocity such that: 

x' = x · cos(0) 
where 

e = tan(u/w,) 

u = ambient horizontal, longitudinal velocity 

w, = settling velocity 

The FEIS model also accounts for vertical diffusion by applying a concentration reduction factor 
based on a Fickian diffusion coefficient (KJ This factor is applied to the calculated centerline 
concentration (Cm.J by 

Cmax · {(H/ 4) · (2-K;t + H2 /16r°5
) 

to calculate an adjusted value of Cmax accounting for vertical diffusion, where His the initial ver
tical plume dimension and tis travel time along the plume trajectory. The two changes de
scribed above are the only modifications made to the original Brooks formulation. The FEIS 
model input variables include ambient current speed, initial dilution, settling velocity, and 
initial plume dimensions. 

Based on the descriptions in the 1989 FEIS, the existing model was reproduced and tested. We 
were not able to exactly reproduce the model results for all cases and believe there may some 
errors, simplifications or inconsistencies in the original formulation. However, these errors are 
not "fatal" and generally not significant. In fact the differences noted below may be simply 
caused by differences in the numerical formulation between the two approaches. The 
maximum disagreement between results from our formulation and the initial FEIS formulation 
of the model are on the order of 10 percent, and typically much smaller. Tables 3.1 and 3.2 show 
the comparison of published predictions for the FEIS model and the CH2M HILL spreadsheet 
model predictions based on the same set of differential equations. Previous model predictions 
appear to have been reasonable, and probably conservative, for the development of the ocean 
dumping siting and operational procedures. 

Evaluation of the Previous Model 

The FEIS model is evaluated below on the basis of the assumptions and input used to develop 
and implement the model. These factors fall into three categories which are examined to de
termine the general and specific applicability of the model approach and the model formulation 
and implementation, respectively. The three categories considered are: [1] assumptions in-
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volved in the basic formulation of the model involving the fundamental physics and mathemat
ics used; [2] the assumptions and methodology used to chose the magnitudes of the variables 
describing the important physical processes; and [3] the values used for the description of ambi
ent conditions and characteristics of the waste material. Each of these categories of model as
sumptions and input was examined and re-evaluated, as discussed in more detail below. In 
addition to the direct re-evaluation of the model assumptions and inputs, the sensitivity of the 
model to important variables was assessed. 

The FEIS model is based on differential equations that consider lateral and vertical diffusion. 
Longitudinal diffusion (in the direction of the ambient current is neglected because of it's rela
tive magnitude which is small compared to other terms. This assumption is well founded for 
the current patterns observed and anticipated in the disposal area. The actual equations were 
developed by Brooks (1960) and can be rearranged to resemble the classical error function by 
adding an exponential decay term. For open ocean applications the diffusivity is expressed in 
terms of a 4/3 power relationship, which is a widely accepted approach (see for example 
Fischer et al. (1979). The affect of vertical diffusion is assumed to be Fickian, an appropriate 
term is multiplied with the error function to predict total diffusion from both lateral and vertical 
components. The approach taken in the FEIS model appears reasonable for application to the 
farfield following the initial development of the waste plume. It is considered a conservative 
(underprediction of dilution) approach. It is noted that the model as reproduced by 
CH2M HILL on a spreadsheet application uses a numerical approximation to the error function 
(with an associated error of less than 2·10-7), Differences between the FEIS model and the 
CH2M HILL implementation of that model described above may be explained, at least in part, 
by differences in the approximations used for the error function. 

The vertical diffusion in the FEIS model is dependent on a coefficient of vertical diffusion which 
is assumed constant during the winter and depth dependent during the summer (as reflected in 
the results in Tables 3.la and 3.2). The reasoning behind this approach is based on the seasonal 
existence of a thermocline in the summer. The vertical diffusion coefficient is the only depth 
varying parameter in the governing equations used in the FEIS model. Based on this formula
tion, all calculations within a certain range of depths should result in constant dilution depend
ing on the value of the coefficient. However, this is not the case with the FEIS model 
predictions, and 

In the FEIS model the initial plume depth is take to be H/ 4, where the dimension H is obtained 
from the equation, 

UL-HC0 =Q 
where, 

U = ambient velocity, 
L = a characteristic length parameter, 
C

0 
= the initial waste concentration (at the beginning of farfield dilution), 

and 
Q = the flow rate of the waste stream from the barge. 

The width of the initial plume is taken to be twice the turning radius of the dumping vessel. A 
characteristic length of the vessel, set equal to the geometric mean of the half beam, and the 
draft of the vessel, is the length parameter used in the equation to calculate initial concentration. 
The FEIS modeling report does not clearly justify this assumption. One of the suggested modi-
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fications to the model, as described below, is a better description of the initial dilution of the 
plume. The formulation used in the FEIS model is not particularly well founded in physics, 
although it appears to be quite conservative and is acceptable from a regulatory basis where any 
uncertainty should be on the conservative side. 

The FEIS model makes several assumptions concerning the initial dumping of the waste. First, 
the relative velocity term that is used in the equation for calculating the initial concentration is 
simply the speed of the vessel (over the bottom). The assumption is made that as the ship cir
cles in a constant ambient current, the net effect of the ocean current cancels out. In addition, 
the flow value used is a time average which changes in response to relative velocity. Thus, it 
may be considered that there is no net effect on initial concentration because the calculation of 
C0 involves flow in the numerator and relative velocity in the denominator. Regardless of the 
rationale, the ambient current speed is at least an order of magnitude smaller than the vessel 
speed, thus the use of vessel speed for relative velocity is a reasonable assumption. 

Assumptions used, once the initial dumping has occurred, include maintaining the majority of 
the plume near the surface, surface waves can be disregarded, the plume does not reach the 120 
fathom contour, and the pumping rate mixes the flow without altering the wake pattern of the 
vessel. All of these assumptions are physically reasonable or, if over-simplified, result in a con
servative approach (dilution will be under predicted). 

Three areas for improvement in the FEIS model have been identified as a result of the evalua
tion summarized above. One of these involves the modeling of the initial dilution processes 
which determine the plume size and initial concentration used as an initial condition in the far
field model. The other two areas involve the actual formulation of the farfield model and are 
discussed below. These problems with model formulation probably explain, at least in part, the 
differences in predictions of the FEIS model and CH2M HILL's application of that model as dis
cussed above. No reason to significantly modify, or replace, the farfield model (essentially the 
FEIS model) has been identified other than to address the points discussed below. However, it 
is believed that a more realistic approach to initial dilution is available and has been incorpo
rated into the overall model, as described in the following section on revised model predictions. 

In the FEIS modeling report, the values given for the vertical diffusion coefficient, Ky, are based 
on seasonal variability. As described above winter values are held constant. Summer values 
are presented for depth ranges of 100 meter intervals: 0 to 100 meters, 100 to 200 meters, and 
below 200 meters. This is the only depth dependent variable in the model. The results shown 
in Appendix B of the FEIS (see page B-18) show different values of CMAX/ C

0 
for two fall velocities 

of 0.1 cm/sec and 0.01 cm/sec for, and only for, the case of 0.2 knot ambient current (values are 
the same for the two fall velocities for other ambient currents). Since all depths are less than 100 
meters for these two cases, Ky is constant and the differences are curious. 

For the reason described above, CH2M HILL's implementation of the FEIS model could not 
replicate the results for this current speed (see Table 3.2). In addition, the CH2M HILL imple
mentation could not reproduce the deep (fall velocity of 1 cm/ sec) case within an accuracy of as 
much as about 10 percent (see Table 3.2). The latter discrepancy may well be related to the other 
problems. The original model code was not obtained, so a definitive answer concerning these 
problems was not available. However, the differences are not particularly troublesome, given 
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the conservative nature of the model to begin with, and do not compromise the results of the 
original study in any way. Overall agreement remains very good. 

Another possible problem with the implementation of the FEIS model occurs when the two 
waste pumping rates are considered. The modeling report indicates that the discharge rate 
from the vessel is 140 gpm per knot of vessel speed, up to 10 knots. Initial concentration of 
waste is a function of flow divided by relative velocity. This implies that the initial 
concentration will remain about the same, particularly since the vessel speed is taken as the 
relative velocity as discussed above. However, the initial concentrations reported are 0.000222 
and 0.000621, for a discharge of 500 gpm and 1400 gpm, respectively. It appears that the vessel 
speed was not varied with discharge rate. Again, this leads to overly conservative predictions, 
as the initial concentration for the higher discharge rate is over-stated. 

The FEIS model was developed based on a different vessel, using a different operational mode 
of discharge, than currently used. CH2M HILL has considered the current vessel and 
operational procedures. Based on our evaluation of the existing model, including the possible 
errors mentioned above and the changes in discharge operation, we believe a revised model for 
the initial dilution process (prediction of initial concentration) is appropriate. The revisions 
should acconnt for both the discharge of the material directly between the two connter rotating 
propellers of the FV Tasman Sea and a more sophisticated approach to dilution in the propeller 
slip stream. Subsequent dilution can then be calculated following methods similar to those 
used previously, and using CH2MHILL's spreadsheet formulation of the initial FEIS farfield 
model. 

Revised Model Formulation and Predictions 
An independent model was developed and used to evaluate the dispersion of waste discharged 
from the barge. The purpose of this model is to provide an alternative to more realistically de
scribe the fate and transport of the discharge. The primary differences between the FEIS and the 
CH2M HILL model approaches are the use of initial dilutions as determined based on the dy
namics of the propeller slipstream and the use of characteristics of the current dumping vessel.. 

The new model developed by CH2M HILL consists of three parts: 

• Dumping dilution - results from the initial discharge into the propeller wash and is 
numerically equivalent to the propeller discharge rate plus the waste discharge rate 
divided by the waste discharge rate 

• Nearfield Dilution - results from the entrainment of sea water into the momentum jet 
from the propellers which contains the waste discharge 

• Farfield Dilution - results from the subsequent dilution of the plume and is 
essentially the same model used previously. 

The formulation and predictions for each of the three parts of the model are described below. 
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The vessel characteristics assumed for the models are based on the known vessel characteristics 
as described by the vessel operator and are as follows: 

Number of Propellers: 
Propeller Diameter: 
Propeller Spacing: 
RPM/Speed: 

Draft: 
Beam: 
Discharge Pipe: 

Dumping Dilution 

2 - counter rotating (to CL from above) 
4 feet 
15 feet on center 
500 rpm at slow ahead (6 knots - stabilized) 
700 rpm at 8 knots 
900 rpm at 10 to 11 knots 
12 feet (propeller CL at 10 feet) 
38 feet 
6 in diameter to CL of propeller pair 

The dumping dilution is the immediate dilution realized as the discharge pipe releases waste at 
the stem of the vessel between the two counter-rotating propellers. It is calculated as the 
propeller discharge rate (water flow through the propeller) plus the waste discharge rate 
divided by the waste discharge rate_ The discharge rate through the propeller can be calculated 
using propeller theory. The most direct calculation is based on the momentum theory of 
propellers and a practical explanation and description , with further references, can be found in 
Liou and Herbich (1976). CH2M HILL project staff have used this approach to calculate 
induced water speeds by ferries in Puget Sound (Washington), barges on the Cohansey River 
(New Jersey) to evaluate subsequent induced sediment transport. 

The flow rate through the propeller immediately behind the vessel (V
0

) is given by: 

where 

and 
VA is the ship speed (knots), 

b = 2a =2·(1/T11 -1), 
'111 = ideal efficiency= 2/ ((1 +(CT+ 1)112

). 

The term CT is the thrust loading coefficient, 

where 
CT= T /(0.5-p-~·(VJ) 

T = thrust developed= ~-p·n2-D4/3600 
~ = the thrust coefficient described below 
p= density of water 
~ = disk area of propeller 
n = rpm of propeller 
D = diameter of propeller 

3-6 



MODELING· JOINT CANNERY OCEAN DUMPING STUDIES 

There term ~ is the thrust coefficient which is a function of the propeller-characteristic curve 
and is approximated as a function of the speed coefficient, JT, as described in Liou and Herbich 
for a typical case as: 

~ = 0.48 - 0.41 •JT 
and 

JT = 101.33.Y j (n-D) 

where variables are as defined above and n is the propeller rpm. 

Application of the above relationships, using the vessel characteristics provided, results in the 
following immediate of dumping dilutions: 398.9:1 and 365.7:1 for discharge flows of 1400 gpm 
and 840 gpm, respectively, and for a single propeller stream. For the dual propellers the 
dumping dilutions become 796.2:1 and 731.4 for the same flows. The vessel is assumed to be 
traveling at 10 knots and at 6 knots for discharge rates of 1400 gpm and 840 gpm, respectively. 
This is the reasonable range of speeds the vessel can make in the open sea. These flows 
correspond to winter Oune 1 through November 30) time permitted disposal rates of 140 
gpm/knot with a maximum of 10 knots. The summer permitted limit is at 120 gpm/knot with 
a maximum of 10 knots and the dilutions would be approximately 1.17 times those listed above. 

Nearfield Dilutions 
The use of propeller theory to determine the immediate initial dilution replaces the initial 
dilution (or concentration, C

0
) used in the FEIS model. As described above, CH2M HILL 

also applied another model between the initial dilution and the farfield method based on the 
Brooks method. This was done to account for the rapid mixing within the propeller slip
stream. The model assumes that all of the waste discharged is entrained in the slipstream. 
This is considered a very good assumption, and, based on the disposal method, it is difficult 
to see how the situation could be otherwise. 

The nearfield approach used considers conservation of momentum in a round momentum 
jet (the propeller slip stream). The centerline velocity, Ucv and flow at any distance x from 
the point of discharge, Qx, are given by: 

and 

where 

UcL = (l/a-x)·[Kof(21t·J,)]112 

K
0 
= Q.Y0 with subscript O indicating initial conditions 

I1, I,, and a = constants 

nearfield dilution at a distance x from the point of discharge is given by Q/Q. The dilution 
as a function of x will remain the same for various vessel speeds, since the initial flow 
through the propeller changes in direct response to vessel speed. The momentum theory for 
propellers also provides a means to calculate velocity and is given in Liou and Herbich as 
referenced above: 

V(r,x) = (V0-Dof x)· l0' 
where 
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E = 0.79 -33·(r/x)2 

r = distance in the radial direction 

and on the centerline (r = 0) 

As a check the calculations for velocity were done using both equations for centerline veloc
ity and agreement was within 0.5 percent. 

Table 3.3 shows the dilution for a single propeller as a function of depth. The dilution for 
two propellers will be twice that for a single propeller except that the dilution will be af
fected because of the interference between the two jets when they merge. This will result in 
a smaller "entrainment area" (the surface area of the plume) exposed to "clean" (ambient as 
opposed to the water in the second plume) water. In addition the plumes will intercept the 
surface and this will also reduce the entrainment area. When these results are considered, 
and the geometry of a round jet is maintained, the surface area available for entrainment is 
reduced to about 50 percent of the area of an otherwise undisturbed double plume, or ap
proximately the same as an undisturbed single plume, past a point about 300 feet from the 
point of discharge. The calculation scheme and results for determining the factor by which 
the surface area is affected are provided in Appendix 8. 

Of course the interference of side-by-side plumes and the surface will also act to change the 
shape of the plume, and result in increased surface area compared to the calculations above. 
Other factors such as concentration gradients across the plume and the actual flow filed also 
act to make the use of an entrainment area approach somewhat conservative. However, to 
maintain a good degree of conservatism, we have assumed the dilution for both slipstreams 
combined, once the plumes merge, will be reduced by the entrainment ratio as calculated. 
Thus the corrected dilutions are as shown in Table 3.3. It is assumed that the value at 1000 
feet is taken as the value for the nearfield dilution in the calculations of total dilution de
scribed below. This is a conservative (under predicts dilution) approach since there will be 
additional dilution in the propeller stream further than this distance. 

Farfield Dilutions 
As mentioned above, CH2M HILL used the previously applied farfield transport model as 
implemented on an Excel spreadsheet. The FEIS model is described in Appendix 8 which is 
Appendix B of the FEIS referenced above. The physical and mathematical basis of the model 
is as described in Appendix 8 and that description is not reproduced here. As discussed 
above, when using the same input data as used in the FEIS modeling, the results are in excel
lent agreement, except for those cases previously indicated. The geometry and dimensions 
of the current vessel are used. Initial concentration is set to unity to calculate relative dilu
tions (or concentrations). 

The two key parameters used in this model are the vertical diffusion coefficient, I<., and the 
horizontal dissipation parameter, A. The results are not particularly sensitive to Kv and is, 
as expected moderately sensitive to variations in A. Since the time of the FEIS model there is 
no data that would indicate that these constants should be changed from the previous val
ues, and the same values were used. In addition, a literature survey of recommended values 
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for A indicate that the value used is reasonable for open ocean applications. Fischer (1979) 
recommends using a value between 0.0002 and 0.001; Yearsley (1989) recommends the same 
range; Grace (1978) recommends 0.00015 to 0.005; and Baumgartner et al.(1993) recommend 
0.0002 to 0.001. These suggested ranges are generally for application to nearshore coastal 
and inland waters. For open ocean water, with no effects of boundaries and significant 
wind and wave action, the high end of the suggested range is appropriate. Thus, the value 
previously used in the FEIS model (0.001) has been retained. Note that units of A as dis
cussed above are ft213 

/ sec. 

As in the case of the previous modeling, the farfield dilution is seasonally dependent based 
on the strength and structure of the thermocline. Farfield predictions were done for the 
same set of conditions as done previously: 

• A range of ambient ocean current speeds of 0.2 to 1.0 knots 

• A range of vessel speeds of 6 and 10 knots 

• Winter conditions with no change in KY with depth 

• Summer conditions with KY dependent on depth (only the surface layer was 
modeled for this case because that is a worst case condition) 

The results of the farfield modeling are summarized in Table 3.4 and detailed model output 
is provided in Appendix 10. Table 3.4 reports the farfield dilution at distances of 2.5 and 5 
nautical miles from the release area corresponding to the approximate downcurrent edge of 
permitted dump zone and the closest point to possible land influence. (These distances are 
somewhat less than actual distances to the points referenced.) Ocean currents of 0.4 knots 
and 0.8 knots, corresponding to minimum and maximum expected ocean currents (as dis
cussed in the FEIS) are described for vessel speeds of 6 and 10 knots. Additional cases are 
provided in Appendix 10. 

Summary of Model Predictions 

The dilutions for the range of seasonal and operational parameters are as follows: 

• Dumping dilution: The immediate dilution on dumping ranges from approximately 
730:1 to 930:1 depending on discharge rate (seasonal constraint) and vessel speed, 
assuming a maximum permitted discharge per knot of vessel speed. 

• Nearfield dilution: The dilution within the propeller slipstream, for first 1000 feet, is 
predicted to be about 42:1. 

• Farfield Dilution: Using essentially the same model as applied in the FEIS the 
farfield dilution is predicted to range from approximately 11:1 to 30:1 prior to 
reaching the edge of the dumping zone, and 24:1 to 77:1 prior to reaching the shore 
line or closest reef area. The farfield dilution depends on a number of environmental 
and operational variables and can vary from season to season and from day to day. 
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The dilutions described above are developed in a multiplicative fashion where the dilution is 
applied to the concentrations at the beginning of the individual mixing processes. Thus the 
overall dilution at the edge of the dumping zone is the product of the numerical values of the 
three dilutions described above: 

Total dilution= (dumping dilution) x (nearfield dilution) x (farfield dilution) 

The preliminary results of the model predict dilutions of approximately 440,000:1 to 510,000:1 
at the edge of the dumping zone. These dilutions are predicted under conservative 
(underpredicted dilutions) and worst case conditions. The range of dilutions, and 
corresponding concentrations of waste are described in more detail in the following section. 
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Table 3.1 
Comparison of Original FEIS and CH2M HILL Reformulated Model Predicitions 

Winter Conditions Summer Conditions 
Distance (n. CH2MHILL 

FEIS Model Percent error 
CH2M HILL 

FEIS Model Percent error mi.) Model Model 
Cmax/Co for Current Speed of 0.2 knots and Discharge of 500!1pm 

0.0 1.00000 1.00000 
0.5 0.06745 0.10016 
1.0 0.03365 0.03364 -0.03 0.05001 0.04999 -0.04 
1.5 0.02044 0.02043 -0.04 0.03039 0.03038 -0.05 
2.0 0.01380 0.01379 -0.07 0.02053 0.02052 -0.05 
2.5 0.00997 0.00996 -0.07 0.01483 0.01482 -0.07 
3.0 0.00754 0.00754 -0.06 0.01123 0.01122 -0.07 
3.5 0.00591 0.00591 -0.06 0.00880 0.00880 -0.02 
4.0 0.00476 0.00476 -0.04 0.00709 0.00709 0.03 

Cmax/Co for Current Speed of 0.2 knots and Discharge of 1400gpm 
0.0 1.00000 1.00000 
0.5 0.06745 0.10016 
1.0 0.03365 0.03364 -0.03 0.05001 0.05000 -0.02 
1.5 0.02044 0.02043 -0.04 0.03039 0.03039 -0.01 
2.0 0.01380 0.01380 0.00 0.02053 0.02052 -0.05 
2.5 0.00997 0.00996 -0.07 0.01483 0.01483 -0.01 
3.0 0.00754 0.00754 -0.06 0.01123 0.01123 0.02 
3.5 0.00591 0.00591 -0.06 0.00880 0.00880 -0.02 
4.0 0.00476 0.00476 -0.04 0.00709 0.00709 0.03 

Cmax/Co for Current Speed of 0.4 knots and Discharge of 500 Jpm 
0.0 1.00000 1.00000 
0.5 0.05648 0.08393 
1.0 0.03386 0.03385 -0.02 0.05037 0.05035 -0.04 
1.5 0.02305 0.02305 -0.02 0.03431 0.03430 -0.03 
2.0 0.01685 0.01684 -0.04 0.02508 0.02507 -0.03 
2.5 0.01291 0.01290 -0.04 0.01921 0.01920 -0.06 
3.0 0.01023 0.01022 -0.08 0.01523 0.01522 -0.04 
3.5 0.00832 0.00831 -0.10 0.01238 0.01238 -0.03 
4.0 0.00690 0.00690 -0.06 0.01028 0.01028 0.00 

Cmax/Co for Current Speed of 0.4 knots and Discharge of 1400gpm 
0.0 1.00000 1.00000 
0.5 0.05648 0.08393 
1.0 0.03386 0.03385 -0.02 0.05037 0.05036 -0.02 
1.5 0.02305 0.02305 -0.02 0.03431 0.03430 -0.03 
2.0 0.01685 0.01684 -0.04 0.02508 0.02507 -0.03 
2.5 0.01291 0.01290 -0.04 0.01921 0.01921 -0.01 
3.0 0.01023 0.01022 -0.08 0.01523 0.01522 -0.04 
3.5 0.00832 0.00832 0.02 0.01238 0.01238 -0.03 
4.0 0.00690 0.00690 -0.06 0.01028 0.01028 0.00 

Cmax/Co for Current Speed of 0.8 knots and Discharge of 500 pm 
0.0 1.00000 1.00000 
0.5 0.04161 0.06190 
1.0 0.02828 0.02827 -0.02 0.04209 0.04207 -0.04 
1.5 0.02139 0.02138 -0.04 0.03184 0.03183 -0.04 
2.0 0.01694 0.01693 -0.06 0.02522 0.02521 -0.05 
2.5 0.01382 0.01382 -0.02 0.02058 0.02058 -0.01 
3.0 0.01153 0.01153 -0.02 0.01717 0.01717 -0.01 
3.5 0.00979 0.00979 0.01 0.01458 0.01457 -0.04 
4.0 0.00843 0.00842 -0.08 0.01255 0.01254 -0.06 

Cmax/Co for Current Speed of 0.8 knots and Discharge of 1400gpm 
0.0 1.00000 1.00000 
0.5 0.04161 0.06190 
1.0 0.02828 0.02827 -0.02 0.04209 0.04209 0.01 
1.5 0.02139 0.02138 -0.04 0.03184 0.03184 -0.01 
2.0 0.01694 0.01694 0.00 0.02522 0.02522 -0.01 
2.5 0.01382 0.01382 -0.02 0.02058 0.02058 -0.01 
3.0 0.01153 0.01153 -0.02 0.01717 0.01717 -0.01 
3.5 0.00979 0.00979 0.01 0.01458 0.01457 -0.04 
4.0 0.00843 0.00842 -0.08 0.01255 0.01254 -0.06 
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Table 3.2 
Comparison of Original FEIS and CH2M HILL Reformulated Model Predicitions 

Summer Deep Summer Mid-Depth 
Distance (n. CH2MHILL 

FEIS Model Percent error 
CH2M HILL 

FEIS Model Percent error 
mi.) Model Model 

Cmax/Co for Current S0eed of 0.2 knots and Discharae of 500, 1Dm 

0.0 1.00000 1.00000 
0.5 0.10348 0.10016 
1.0 0.05168 0.05423 4.70 0.05001 0.04999 -0.04 
1.5 0.03141 0.03242 3.11 0.03039 0.03038 -0.05 
2.0 0.02122 0.02172 2.31 0.02053 0.02052 -0.05 
2.5 0.01533 0.01562 1.87 0.01483 0.01482 -0.07 
3.0 0.Q1161 0.01179 1.57 0.01123 0.01133 0.90 
3.5 0.00910 0.00922 1.33 0.00880 0.00947 7.06 
4.0 0.00733 0.00741 1.13 0.00709 0.00805 11.95 

Cmax/Co for Current Speed of 0.2 knots and DischarQe of 140I npm 
0.0 1.00000 1.00000 
0.5 0.10348 0.10016 
1.0 0.05168 0.05423 4.70 0.05001 0.05000 -0.02 
1.5 0.03141 0.03242 3.11 0.03039 0.03039 -0.01 
2.0 0.02122 0.02172 2.31 0.02053 0.02052 -0.05 
2.5 0.01533 0.01562 1.87 0.01483 0.01483 -0.01 
3.0 0.01161 0.01179 1.57 0.01123 0.01133 0.90 
3.5 0.00910 0.00922 1.33 0.00880 0.00947 7.06 
4.0 0.00733 0.00741 1.13 0.00709 0.00805 11.95 

Cmax/Co for Current Speed of 0.4 knots and Discharae of 5001 pm 
0.0 1.00000 1.00000 
0.5 0.08674 0.08393 
1.0 0.05206 0.05794 10.15 0.05037 0.05035 -0.04 
1.5 0.03546 0.03798 6.63 0.03431 0.03430 -0.03 
2.0 0.02592 0.02726 4.92 0.02508 0.02507 -0.03 
2.5 0.01986 0.02067 3.93 0.01921 0.01920 -0.06 
3.0 0.01574 0.01627 3.27 0.01523 0.01522 -0.04 
3.5 0.01280 0.Q1317 2.80 0.01238 0.01238 -0.03 
4.0 0.01063 0.01089 2.43 0.01028 0.01028 0.00 

Cmax/Co for Current Speed of 0.4 knots and Discharae of 1400,mm 
0.0 1.00000 1.00000 
0.5 0.08674 0.08393 
1.0 0.05206 0.05795 10.16 0.05037 0.05036 -0.02 
1.5 0.03546 0.03799 6.66 0.03431 0.03430 -0.03 
2.0 0.02592 0.02727 4.95 0.02508 0.02507 -0.03 
2.5 0.01986 0.02067 3.93 0.01921 0.01921 -0.01 
3.0 0.01574 0.01627 3.27 0.01523 0.01522 -0.04 
3.5 0.01280 0.01317 2.80 0.01238 0.01238 -0.03 
4.0 0.01063 0.01089 2.43 0.01028 0.01028 0.00 

Cmax/Co for Current Speed of 0.8 knots and Discharae of 500 1nm 
0.0 1.00000 1.00000 
0.5 0.06398 0.06190 
1.0 0.04350 0.04207 -3.40 0.04209 0.04207 -0.04 
1.5 0.03291 0.03532 6.81 0.03184 0.03183 -0.04 
2.0 0.02607 0.02859 8.81 0.02522 0.02521 -0.05 
2.5 0.02127 0.02287 6.98 0.02058 0.02058 -0.01 
3.0 0.01775 0.01883 5.74 0.01717 0.01717 -0.01 
3.5 0.01507 0.01585 4.94 0.01458 0.01457 -0.04 
4.0 0.01297 0.01355 4.28 0.01255 0.01254 -0.06 

Cmax/Co for Current $peed of 0.8 knots and Discharae of 1400nom 
0.0 1.00000 1.00000 
0.5 0.06398 0.06190 
1.0 0.04350 0.04208 -3.38 0.04209 0.04208 -0.02 
1.5 0.03291 0.03533 6.84 0.03184 0.03184 -0.Q1 

2.0 0.02607 0.02859 8.81 0.02522 0.02522 -0.01 
2.5 0.02127 0.02287 6.98 0.02058 0.02058 -0.01 
3.0 0.01775 0.01884 5.79 0.01717 0.01717 -0.01 
3.5 0.01507 0.01585 4.94 0.01458 0.01457 -0.04 
4.0 0.01297 0.01355 4.28 0.01255 0.01254 -0.06 
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Table 3.3 
Nearfield Oilution Calculations 

Distance Centerline Plume Velocity Flow Dilution Entrainment Adjusted 
(feet) (ft/sec) (ft"3/sec) Coefficient Dilution 

Momentum Propeller 
25 53.49 53.74 1394 2.04 1.00 2.04 
100 13.37 13.43 5576 8.15 0.79 6.44 
200 6.69 6.72 11151 16.29 0.58 9.45 
300 4.46 4.48 16727 24.44 0.55 13.44 
400 3.34 3.36 22302 32.58 0.53 17.27 
500 2.67 2.69 27878 40.73 0.53 21.59 
600 2.23 2.24 33453 48.88 0.52 25.42 
700 1.91 1.92 39029 57.02 0.52 29.65 
800 1.67 1.68 44604 65.17 0.52 33.89 
900 1.49 1.49 50180 73.31 0.51 37.39 
1000 1.34 1.34 55755 81.46 0.51 41.54 
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Ocean Current 

(knots) 

0.4 

0.8 

0.4 

0.8 

MODELING - JOINT CANNERY OCEAN DUMPING STUDIES 

Table 3.4 

Farfield Dilution Model Results 

Vessel Speed 

(knots) 

6 

10 

6 

10 

6 

10 

6 

10 

Dilution 

Winter Conditions Summer Conditions 

29.6 20.0 

17.9 12.1 

76.6 18.6 

16.6 11.2 

27.6 51.5 

46.6 31.5 

59.1 39.7 

35.5 23.9 
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4. Conclusions and Recommendations 

This section presents the overall conclusions drawn from the model predictions, the model 
limitations, and recommendations based on the results of the study. 

Conclusions 
Table 4.1 shows the prediction of total dilution and final concentration prior to the point 
where the plume reaches the edge of the dumping zone (taken as 2.5 nautical miles down 
current). In the table, C/C0 is the ratio of final to initial concentration and can be applied to 
calculate the concentration of any known constituent in the waste. The final concentration is 
also given in terms of an approximate value for the whole waste in mg/1, assuming the 
waste is about the density of water. At the edge of the dump zone the dilution of the waste 
is about 0.00025 percent of a sample in the center of the plume. Reference to Table 3.1 shows 
that the lowest LC50 of all bioassays conducted was 0.12 percent. Therefore, the concentra
tion at the edge of the permitted dumping zone is 0.0021-LC50. 

Table 4.2 shows the same information described above for the plume prior to reaching the 
shoreline (taken as 5 nautical miles down current). The model was formulated and imple
mented in a conservative fashion and the dilutions are expected to be underpredicted 
(concentrations over predicted). 

Limitations 
Most numerical models of the type used here contain coefficients (e.g. friction factors, diffusion 
coefficients) that are often study site specific. Although there are generally accepted values for 
these coefficients, the range observed in nature is high and the models can be somewhat sensi
tive to the values selected. The process of calibration and verification generally uses measured 
values of forcing functions and responses to determine the appropriate coefficients for the 
model configuration at the study site. Typically a set of field data is used to determine the cor
rect values to use for the coefficients. However, this was beyond the scope of the present study 
and there is little or no available and appropriate data for this task. In this case the model sensi
tivity determination, the use and justification of reasonable values from the literature and simi
lar studies, and the incorporation of a prudent level of conservatism is required and was ac
complished. 

Recommendations 
CH2M HILL project staff, on the basis of the results of the study, have no recommendations 
for additional studies of this type. 
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Table 4.1 
Predicted Dilution and Concentration at the Down Current Edge of the Ocean Dumping Zone 

Ocean Vessel Dumping Nearfield Farfield Total Final Final 
Season Current Speed Loading Dilution Dilution Dilution Dilution Concentration Concentration 

(knots) (knots) (gpm) C/Co (mg/I) 
Winter 0.4 6 840 796.2 41.5 29.6 978,052 0.000001 022 0.001022 
Winter 0.4 10 1400 731.4 41.5 17.9 543,320 0.000001841 0.001841 
Winter 0.8 6 720 796.2 41.5 76.6 2,531,040 0.000000395 0.000395 
Winter 0.8 10 1200 731.4 41.5 16.6 503,861 0.000001985 0.001985 
Summer 0.4 6 840 931.6 41.5 20.0 773,190 0.000001293 0.001293 
Summer 0.4 10 1400 855.7 41.5 12.1 429,709 0,000002327 0.002327 
Summer 0.8 6 720 931.6 41.5 18.6 719,067 0.000001391 0.001391 
Summer 0.8 10 1200 855.7 41.5 11.2 397,747 0.000002514 0.002514 

Table 4.2 
Predicted Dilution and Concentration near the Closest Reefline or Shoreline 

Ocean Vessel Dumping Nearfield Farfield Total Final Final 
Season Current Speed Loading Dilution Dilution Dilution Dilution Concentration Concentration 

(knots) (knots) (gpm) C/Co (mg/I) 
Winter 0.4 6 840 796.2 41.5 27.6 911,967 0.000001097 0.001097 
Winter 0.4 10 1400 731.4 41.5 46.6 1,414,454 0.000000707 0.000707 
Winter 0.8 6 720 796.2 41.5 59.1 1,952,800 0.000000512 0.000512 
Winter 0.8 10 1200 731.4 41.5 35.5 1,077,535 0.000000928 0.000928 
Summer 0.4 6 840 931.6 41.5 51.5 1,990,964 0.000000502 0.000502 
Summer 0.4 10 1400 855.7 41.5 31.1 1,104,458 0.000000905 0.000905 
Summer 0.8 6 720 931.6 41.5 39.7 1,534,782 0.000000652 0.000652 
Summer 0.8 10 1200 855.7 41.5 23.9 848,764 0.000001178 0.001178 
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Appendix 1 
Special Condition 3.3.5 of 
Ocean Dumping Permits 



3.3.5. Eighteen months from the effective date of this special permit, the permittee 
shall submit a report to EPA and ASEPA on the results of suspended phase 
bioassay tests and reevaluation of the model used to predict the concentrations 
of fish processing wastes disposed at the designated site. The suspended phase 
bioassays shall be conducted using at least one species from each of the 
following three groups: Group 1 = Mytilus sp. (mussel), Crassostrea sp. 
(oyster), Acania tonsa (copepod), or T1ypneustes sp. (sea urchin) larvae; Group 
2 = Holmesimysis costata (mysid shrimp) or Penaeus vannamei (white shrimp); 
and Group 3 = Citharicthys stigmaeus (speckled sanddab) or Coryphaena 
hippurf'S (dolphinfish) juveniles. 

Appropriate suspended phase bioassay protocols, either protocols approved by 
EPA or protocols published by the American Society for Testing and Materials 
(ASTM), shall be followed. Suspended particulate phase bioassays shall be run 
using the following fish processing waste concentrations: 100%, 75%, 50%, 
25%, 10%, 5%, and a control (0% ). A minimum of five replicates are required 
per dilution concentration. Concurrent reference toxicant tests shall be 
conducted when the suspended phase bioassays are run. 

A sampling and testing plan shall be submitted to EPA Region IX and ASEPA 
by October 1, 1993 for approval before the bioassay tests are conducted. 
Samples for the suspended particulate phase bioassays shall be composited 
from the permittee's onshore storage tanks. Three samples shall be taken from 
the onshore storage tank transfer line at 10 minute intervals. These samples 
shall be composited to produce one sample for analysis. The permittee's 
samples shall not be combined with fish processing waste from any other 
permittee. The permittee shall take samples on the following dates: November 
30, 1993, February 28, 1994 and May 31, 1994. Samples shall be collected 
and shipped to the testing laboratory according to EPA-approved methods to 
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ensure that the samples do not change before the bioassay tests begin. All 
suspended particulate phase bioassays shall be started within 10 days of 
sampling. 

The testing plan submitted by October 1, 1993 should also include a proposal 
to reevaluate the disposal site model using results obtained from the new series 
of suspended phase bioassays. These bioassays are being required to confirm 
the toxicity of the fish processing wastes and to reevaluate the disposal 
operations based on the use of a different disposal vessel. 

The bioassay and computer model confirmation report shall contain the 
following information: 

3.3.5.1. INTRODUCTION AND PROJECT DESCRIPTION 

The project description should include the following information about fish 
processing waste toxicity, previous bioassay test results, previous modelling at 
the ocean disposal site, and the design of the new bioassay tests. 

3.3.5.2. MATERIALS AND METHODS 

Fish processing waste sampling and sample handling procedures should be 
described or referenced. 

References for laboratory protocols for suspended phase bioassay tests. 

1) EPA-approved methods and references. 

2) 
1

Test species used in each test, the supplier or collection site for 
each test species, and QA/QC procedures for maintaining the test 
species. 

3) Source of seawater used in reference, control and bioassay tests. 

4) Data and statistical analysis procedures. 

5) Limiting Permissible Concentration (LPC) calculations. 

6) Description of model selected to evaluate dispersal of fish processing 
wastes at the ocean disposal site. Use of this model shall be approved 
by EPA Region IX and ASEPA before it is used by the permittee to 
evaluate the fish processing waste disposal plume. 

3.3.5.3. DESCRIPTION OF SAMPLING PROCEDURES 

QNQC procedures and actual sampling procedures used during fish processing 
waste stream sampling and handling of the samples. 
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3.3.5.4. FINAL RESULTS, ANALYSIS OF DATA AND DISCUSSION 

I) Complete bioassay data tables and summary bioassay tables shall be 
furnished in the report. All data tables should be typed or produced as 
a computer printout. 

2) The permittee shall analyze the bioassay data and calculate the· LPC of 
the material as defined at 40 C.F.R. § 227.27(a-b). 

3) The permittee shall use the LPC in the approved plume model to 
determine the concentration of fish processing wastes disposed at the 
designated ocean disposal site which complies with EPA' s Ocean 
Dumping Criteria defined at 40 C.F.R. Parts 227 and 228. 

3.3.5.5. REFERENCES • 

This list should include all references used in the field sampling program, 
laboratory protocols, LPC calculations, modelling analyses, and historical data 
used to evaluate the fish processing waste disposal operations at the designated 
ocean disposal site. 

3.3.5.6. DETAILED QA/QC PLANS AND INFORMATION 

The following topics should be addressed in the QA Plan: 

I) QA objectives. 

2) prganization, responsibilities and personnel qualifications, internal 
quality control checks. 

3) Sampling and analytical procedures. 

4) Equipment calibration and maintenance. 

5) Sample custody and tracking. 

6) documentation, data reduction, and reporting. 

7) Data validation. 

8) Performance and systems audits. 

9) Corrective action. 

I 0) Reports. 
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STUDY PLAN 
FOR 

JOINT CANNERY OCEAN DUMPING STUDIES 
IN 

AMERICAN SAMOA 

Special ocean dumping permits have been issued to StarKist Samoa, Inc. and VCS Samoa 
Packing, Inc. because the Regional Administrator of EPA Region IX has determined that 
disposal of fish processing wastes off American Samoa meets EPA' s ocean dumping criteria 
at 40 CFR Parts 227 and 228. Special condition 3.3.5 of both permits requires bioassay 
testing of the waste from each cannery and a re-evaluation of the model previously used to 
predict concentrations of fish processing wastes disposed of at the designated site. A copy 
of this special condition is provided in Appendix 1 of the study plan. 

The special permit condition addresses two distinct efforts: bioassay testing and model re
evaluation. Although the results of the bioassay testing will be used in the final steps of the 
model re-evaluation, the two parts of the study are quite different and are best described 
independently. Therefore, this study plan is presented in two parts: 

• 

• 

Part I: 

Part II: 

Plan of Study for Bioassay Toxicity Tests 

Plan of Study for Modeling Re-evaluation 

The two portions of the study will be conducted independently except as noted above. 
References are provided separately for part of the study plan. Additional information is 
provided in Appendices. 
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Part I 

PLAN OF STUDY FOR BIOASSAY TOXICITY TESTS 

INTRODUCTION 

Under special conditions 3.3.5 of the Ocean Disposal Dumping Permits, StarKist Samoa and 
VCS Samoa Packing are required to conduct and submit the results of toxicity tests on fish 
processing wastes generated at the permittees' American Samoa packing plants. The toxicity 
tests are to be initiated within 10 days following sampling on November 30, 1993, February 
28, 1994, and May 31, 1994. The wastes to be tested include DAF sludge and other high 
strength waste streams that are barged to sea for disposal at the permitted dump site. This 
part of the study plan describes the methods proposed to conduct the bioassay tests. The 
results of the tests will also be incorporated into the modeling re-evaluation described below 
in Part II of the study plan. 

General guidance for these tests is provided by USEPA (1991), ASTM (1992), and the 
EPA/COE "Green Book" (1991). Specific guidance for performing biological-effects tests 
for Ocean Disposal permits are outlined in Part III, Section 11 of the Green Book; Evaluation 
of Dredged Material Proposed for Ocean Disposal: Testing Manual (EPA and COE, 1991). 
However, the fish processing wastes to be disposed under this permits are not similar to solid 
dredged materials. The high strength waste materials are mostly liquid phase wastes which 
are positively to neutrally buoyant with a small fraction of negatively buoyant solid particles. 
This waste is not expected to behave in a fashion typical of solid, generally negatively 
buoyant, dredge spoil material when disposed of by dumping at sea. Therefore, the physical 
and chemical nature of the wastes requires modifications to the suspended bioassay tests as 
outlined in the Green Book. 

The following Methods sections include the specific modifications required to properly 
evaluate the toxicity of the tuna cannery high strength wastes. A description of the proposed 
reporting schedule and format for the bioassay test results is provided in the Reports section. 

SAMPLING METHODS 

Sample Composition 

High strength waste samples will be collected at each cannery from the existing sampling 
ports in the storage tank transfer lines. Three samples will be taken at 10 minute intervals 
while waste is being transferred from the storage tanks to the barge. Samples for the 
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bioassay tests will be composited from the three discrete samples. Waste from each cannery 
will be collected and shipped separately and shall not be combined. 

Sampling Times 

Sampling will be conducted on the following days, if possible: 

• Tuesday, November 30, 1993 
• Monday, February 28, 1994 
• Tuesday, May 31, 1994 

If a cannery is shut down, or material is not being transferred to the barge on that day, 
sampling will be done at the first available time. 

Sample Shipping and Handling 

EPA approved chain-of custody, sample shipping and handling, and record keeping will be 
conducted to preserve and monitor the integrity of the samples used for the required 
bioassays. Samples will be cooled at the canneries after collection and then packed in ice for 
shipment. The permit requires tests will be initiated within 10 days of sample collection. 
There are significant and well recognized problems with shipment of material from American 
Samoa. Every reasonable effort will be made to meed the required 10-day maximum holding 
time. If the holding times are exceeded for some reason, EPA Region IX will .be contacted 
to determine if the tests should be initiated or if new samples should be collected and 
shipped. 

TEST METHODS 

Selected Species 

The permit condition requires testing of three species selected from three groups listed in 
section 3.3.5 of the permit. We propose tests be conducted with the pacific mysid shrimp 
(Holmesimysis costata) juveniles, pacific sanddab ( Citharicthys stigmaeus) juveniles, and 
purple sea urchin (Strongylocentrotus purpuratus) larvae. These species and life stages were 
chosen because they represent sensitive crustacean, fish, and zooplankton components of the 
marine community, tolerate laboratory conditions, and can be readily tested as young life
stages. These species are also routinely used in conducting bioassays for the ocean disposal 
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permit program. Of great importance are the practicality and year-round availability of the 
appropriate life-stages of all three of the above species. 

The shrimp and fish species were selected from the lists (Group 2 and Group 3, respectively) 
specified in the permit special condition. The sea urchin species (Strongylocentrotus 
purpuratus) was not listed in the permit (Group 1). We have recommended a different 
species because it is important that the same species and life-stages be used for each test 
series conducted. Three test series of bioassays will be conducted over approximately 9 
months. The rationale for recommending a different species is as follows: 

• The mollusc species listed in Group 1 (Mytilus sp. and Crassostrea sp.) and 
the copepod (Acania tonsa) are potentially difficult to obtain at the appropri
ate life stage at all of the times specified in the permit condition. 

• Therefore, sea urchin larvae, also listed in Group 1, are proposed for these 
tests instead of mollusc or copepod because of their availability at all times of 
the year. 

• However, the sea urchin specifically listed (Trypneustes sp.) is not readily 
available and may be difficult to obtain, particularly at the specific times as 
required in the permit and an alternate sea urchin species (Strongylocentrotus 
purpuratus) is recommended. 

With a limited number of opportunities to evaluate the toxicity of the material to be disposed, 
it is important to compare the results of bioassay tests using the same species and life-stages. 

If necessary, Mytilus sp. (mussels) will be used as a backup species to the sea urchin and 
white shrimp (Paneaus vannamai) will be used as a back-up test species for the mysid shrimp 
should the primary test species be unavailable at the time of the bioassays. All reasonable 
efforts will be made to consistently use the primary test species. 

Acclimation and Holding 

All test organisms will be brought into the laboratory and gently acclimated to test conditions 
and control water (dilution water) for a minimum of 24 hours prior to test initiation. 
Salinity, temperature, and dissolved oxygen conditions during test organism holding and 
acclimation will be monitored to ensure proper acclimation is obtained prior to starting the 
bioassay tests. 
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Sample Preparation 

Properly refrigerated wastewater samples will brought up to test temperature prior to further 
test solution preparation. If the salinity of the waste solution is greater than 2 grams per liter 
less than that of the disposal site receiving water, salinity of the test waste solution will be 
adjusted with anhydrous sea salts up to the receiving water salinity. Time will be allowed 
for waste solution pH and salinity equilibration prior to bioassay initiation. Similarly, test 
control water will be adjusted to appropriate test salinity prior to test initiation. 

Initial dissolved oxygen demand (IDOD) has been determined to be a problem with cannery 
effluent and high strength waste streams. Preliminary IDOD measurements were done at the 
canneries in October of 1993. The results are given in Appendix 2 of the study plan. IDOD 
determinations will be conducted and recorded for the samples prior to the start of the 
bioassays. The results of these IDOD measurements will be used to determine sample 
dissolved oxygen (DO) conditions and aeration procedures required for the bioassays. 

Experimental Conditions 

Serial dilutions using filtered natural seawater obtained from the Bodega Bay Marine 
Laboratory, California will be prepared by volumetric addition of diluent and high strength 
waste effluents from each cannery. Glass graduated cylinders and other non-contaminating 
labware will be used to prepare the test solutions. The permit condition requires dilutions 
of 100, 75, 50, 25, 10, and 5% waste concentrations, as well as a control. Based on 
previous bioassay results for both the high strength wastes and the joint cannery effluent 
discharged through the outfall, we recommend that the dilutions used be concentrations of 
50, 25, 10, 5, 2.5, 1.25, 0.62, and 0.31 % waste. Control water consisting of diluent water 
only will also be tested. Five replicate test vessels will be prepared for each test solution and 
control. 

Test vessels will be maintained in controlled temperature incubators or water baths and 
allowed to acclimate to test conditions prior to the test initiation. Temperature, salinity, pH, 
ammonia and DO will be measured prior to te~t organism assignment into the test vessels. 
If DO concentrations are less than 40-percent of saturation or less than 4 mg/liter in any test 
solution or control, aeration will be initiated sufficient to maintain adequate DO levels in all 
test vessels and in all test concentrations (and controls) to maintain DO concentrations at a 
levels sufficient to support the organisms. Test photoperiod will be controlled by automatic 
timers to ensure adequate light for the bioassays. 
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Test temperatures for the fish, crustacean, and sea urchin bioassays will be 15, 15 and 18 
degrees celsius respectively. Salinity for these tests will be that of the receiving water at the 
disposal site. Test organisms will be randomly assigned into the test vessels. Test vessels 
will be covered with loose fitting glass or non-contaminating covers and placed into the 
temperature controlled incubators. 

The bioassays will be conducted for 96 hours (4 days). Daily observations to enumerate live 
fish and mysids and to monitor water quality parameters will be conducted throughout the 
bioassays. Equal volumes of food will be added to only the mysids to reduce cannibalization 
of this species within the test vessels. 

The effect measured in the fish and mysid bioassays is mortality as defined as: no observed 
movement exhibited by the test organism after gentle swirling of the test container or 
probing. The test endpoint for the sea urchin larvae bioassay is mortality and/or larval 
abnormality as compared to the control organisms. 

QUALITY CONTROL AND QUALITY ASSURANCE 

The quality assurance objective is to characterize the potential toxicity of each of the 
canneries high strength waste to marine organisms by collecting bioassay test data of known 
and acceptable quality. The qualifications of the laboratory and personnel conducting the 
tests is provided in Appendix 3. The procedures described in the Test Methods section above 
describe the QA/QC procedures for sampling, analytical procedures, equipment calibration, 
sample custody, and data reduction and analysis. 

Mortality in the controls of less than IO-percent in the fish and crustacean tests and 30-
percent in the sea urchin tests after 96 hours will indicate successful tests. If these criteria 
are not met then EPA will be consulted to determine whether additional tests should be 
considered. Concurrent reference toxicant tests with the fish and mysid test species will be 
conducted using sodium chloride and reference toxicant tests with the sea urchin will use 
copper sulfate solutions with test concentrations bracketing the known acute toxic 
concentration (LC50) for each species tested. These tests will be conducted for a 24 hour 
duration. If the concurrent reference toxicant test LC50 falls within ±2 standard deviations 
of the testing laboratory's cumulative sum LC50 for that species the tests will be considered 
acceptable. 
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DATA ANALYSIS AND REPORTING 

Test data analysis and calculations 

Acute mortality and/or larval abnormality data will be used to calculate an acute median 
lethal (LC50) or effect (EC50) concentration. A computer program (TOXDAT) will facilitate 
the calculation of the 96 hour LC50 (or EC50 for the zooplankton tests) by either: Probit, 
Spearman-Karber, or the Trimmed Spearmean-Karber Methods. The analysis used will 
depend on the distribution of the mortality data obtained from these toxicity tests. These 
LC50 or EC50 values will then be used to calculate Limiting Permissible Concentrations 
(LPC's). 

Reports 

A report of the results of the bioassay tests will be prepared following each of the tests. The 
report format will be as described in the permit conditions (Sections 3.3.5.1 through 
3.3.5.5). Specific information including bioassay materials and methods, sampling 
procedures, results, data analysis, and discussion will be included in the report. General 
guidance for the bioassay reports will be that of EPA (1991). 

REFERENCES 

American Society for Testing and Materials, ASTM. 1992. Standard Practice for Conducting 
Static Acute Toxicity Tests with Embryos/Larvae of Four Species of Saltwater Bivalve 
Molluscs. Designation E724-92. Annual Book of Standards, Vol: 11.04. ASTM, Philadelphia, 
PA. 

United States Environmental Protection Agency. 1991. Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms. Fourth 
Edition. EPA/600/4-90/027. September 1991. 293 pp. 

United States Environmental Protection Agency, United States Army Corps of Engineers. 
1991. Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual. EPA-
503/8-91/001. February, 1991. 
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Part II 

PLAN OF STUDY FOR MODELING RE-EV ALU A TI ON 

INTRODUCTION 

Permit condition 3.3.5 of the Ocean Disposal Dumping Permits for StarKist Samoa and VCS 
Samoa Packing requires that the bioassay results be used re-evaluate the previous model 
predictions of dispersion of the plume created by dumping fish processing wastes at sea. The 
previous predictions are presented in the FEIS (EPA, 1989) and in a supplementary study 
(SOS, 1990). A field study of the fate of the wastes is described by Soule and Oguri (1983). 
A description of the previous model and the details of the past modeling results are found in 
Appendix B of the FEIS. 

We propose to conduct the model re-evaluation in three phases: 

[l] The existing model formulation, as described in the 1989 FEIS (Appendix B) 
will be used "as is" with model predictions evaluated using the new bioassay 
test results. Any differences in conclusions between earlier work and the 
reevaluation will be presented and discussed. 

[2] The input data and assumptions used in the model will be examined and 
evaluated. Sensitivity studies will be done for critical parameters, including 
assumed values for diffusion coefficients, initial dilution, and ambient 
conditions. The appropriateness and applicability of previously assumed 
values will be discussed. 

[3] A different, more sophisticated model(s), and/or modifications to the previous 
model, using appropriate assumptions, will be applied as an independent check 
of the previous model predications. The model selection will be based on the 
results of step [2] above. The objectives of the re-evaluation with a different 
model is to account for changes in vessel characteristics and operational 
methods and to develop a more representative model. 

The previous model, based on an approach originally developed by Norman Brooks, is 
typically very conservative in similar applications. Other assumptions in the model are also 
conservative. The use of a different or modified model will allow an evaluation of the 
degree of conservatism being applied. The initial dilution assumptions will also be examined. 
The propeller stream of the vessel will be modeled, using an established model developed at 
Texas A&M and modified by CH2M HILL, to assess the actual degree of the initial mixing. 
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Conclusions and recommendations will be presented based on the independent assessment. 
The three phases of the model re-evaluation are described below. 

MODELING METHODS 

Re-evaluation of Previous Model Predictions 

The results of the previous model are presented in terms of dilution ( or concentration) of fish 
processing waste versus distance from the initial dump site. Based on the results of the 
bioassay tests, the distance from the dump site where the effluent is diluted to the limiting 
permissible concentration (LPC) level can be determined. 

The previous model provided results parametricly with assumed ocean current speed, 
pumping rate, settling velocity, and other variables. The re-evaluation will examine the 
range of ambient receiving water conditions, pumping rates, and effluent characteristics for 
the new bioassay results to determine worst case conditions. 

Appropriate changes in model input parameters, such as vessel beam, vessel speed, or 
pumping rate, wilJ be incorporated but the model formulation will remain as originally 
developed. A verification run using identical input for a previous model run will be done 
to confirm the same formulation is being used. A discussion of any differences between 
previous predictions and those for the new bioassay test results and compliance with permit 
conditions will be developed from the results of this phase of the model re-evaluation. 

Re-evaluation of Model Assumptions and Input 

The model assumptions and input can be considered in three categories: 

• Model formulation assumptions: assumptions involved in the basic for
mulation of the model involving the fundamental physics and mathematics 
used 

• Model development assumptions and input: the assumptions and methodology 
used to chose the magnitudes of the variables describing the important physical 
processes 

• Model execution assumptions and input: the values used for the description 
of ambient conditions and characteristics of the waste material. 
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Each of these categories of model assumptions and input will be examined and re-evaluated. 
Each of the categories of assumptions and input is discussed in more detail below. In 
addition to the direct re-evaluation of the model assumptions and inputs, the sensitivity of the 
model will to important variables will be assessed. The results of the model predictions, and 
the conclusions drawn from the previous model results (for previous bioassay tests and the 
new bioassay tests) wilJ be examined and discussed in terms of model assumptions and 
inputs. Evaluations of the degree of conservatism in the previous model formulation and 
execution will be presented. 

Model Formulation Assumptions. The previous model formulation was based on the 
approach presented by Brooks (1960), and is essentially the same basic model as CDIFF 
(Yearsley, 1989). The formulation developed by Brooks calculates the lateral diffusion of 
a discharge plume as it is advected in the longitudinal direction and does not account for 
longitudinal dispersion. 

As initially developed by Brooks, the approach does not account for vertical diffusion, does 
not provide for the settlement of negatively buoyant constituents in the plume, and does not 
account for the dispersion of a positively buoyant plume or positively buoyant components 
of the discharged material. In addition the model, as implemented in the FEIS, assumes a 
line source of constant source strength and does not simulate the discharge from a vessel 
traveling in an arbitrary path for a finite length of time. 

The FEIS model provides for a settling velocity by redefining the longitudinal coordinate at 
a downward angle defined by the relationship between the longitudinal current speed and 
assumed vertical settling velocity such that: 

where 
x' = X • COS(8) 

e tan(u/w.) 

u = ambient horizontal, longitudinal velocity 

w. = settling velocity 

The FEIS model also accounts for vertical diffusion by applying a concentration reduction 
factor based on a Fickian diffusion coefficient (K..). This factor is applied to the calculated 
centerline concentration (Cma,) by 

11-9 



Dnft Sllldy Plu 
11 November 1993 
PDX30702.DS 

to calculate an adjusted value of C= accounting for vertical diffusion, where H is the initial 
vertical plume dimension and t is travel time along the plume trajectory. 

Each of the basic assumptions of the model and the modifications made for the FEIS model, 
as discussed above, will be evaluated. In particular the assumption of a continuous line 
source will be examined and the implications of applying the mode] to a source discharge of 
a finite time interval will be evaluated. 

Model Development Assumptions. The values chosen to describe the physical processes 
will be evaluated. These values include the lateral and vertical diffusion coefficients. In 
addition the model formulation assumptions include the spatial and temporal scales over 
which the model predictions are used. 

Model Execution Input Variables. The previous model input variables, not discussed in 
the model assumptions section above, include ambient current speed, initial dilution, settling 
velocity, and initial plume dimensions. An evaluation of the methodology and assumptions 
used to select the values used for these variables will be done. Changes in the values due 
to changes in vessel and operational procedures will be addressed. This evaluation wilJ be 
extended by the sensitivity study descried below. 

Model Sensitivity. The sensitivity of the model to each of input variables and to as
sumptions about the parameters used to describe the physical processes will be evaluated. 
This will be done by running the model for a range of values. 

Development of Independent Model 

An independent model will be developed and used to evaluate the dispersion of waste 
discharged from the barge. The purpose of this model is to provide a more sophisticated 
alternative to more realistically describe the fate and transport of the discharge. The model 
will, at a minimum, include the effects of diffusion in both horizontal directions (longitudinal 
and lateral) and will model a discharge of finite time. In addition the model will account for 
the spatial pattern of the discharge. 

The model will use initial dilutions as determined from the size of the propeller slipstream. 
Vertical diffusion will be accounted for using a technique similar to that used in the FEIS 
model. H is anticipated that the major difference in the model predictions will be reflected 
in the degree of conservatism involved in the model formulations and development. Any 
differences in model inputs and predictions will be justified and explained. 
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QUALITY CONTROL AND QUALITY ASSURANCE 

The objective of the quality control and quality assurance (QA/QC) effort is to provide a high 
level of confidence that the models are providing physically realistic predictions. QA/QC 
will be achieved through use of the proven models executed by staff familiar with those 
models. Specific QA/QC measures include: validation of model code and that the models 
are providing physically realistic predictions, addressing a range of potential conditions where 
appropriate, sensitivity analyses, and documentation and maintenance of input and output files 
generated during modeling activities. 
The models employed in the study are mathematical representations of physical processes. 
The mathematical equations used are solved numerically (approximate solutions) using a 
digital computer. It is important that this process, which is considerably removed from the 
actual physical processes and behavior of the ocean, accurately simulate what happens in the 
ocean. The process of validation uses representative parameters for simplified system 
configurations to determine if the predictions reflect reality. The process of validation begins 
as the initial model computer code is written and continues as long as the model code is used. 
It is particularly important that any changes in model code be checked for validity. The final 
element of validation is a determination of how sensitive a model is to changes in input 
parameters. An extremely sensitive model probably does not provide results with a high 
confidence level. Sensitivity checks will be carried out for each of the models for potentially 
critical parameters. 

Most numerical models of the type used here contain coefficients (e.g. friction factors, 
diffusion coefficients) that are often study site specific. Although there are generally 
accepted values for these coefficients, the range observed in nature is high and the models 
can be somewhat sensitive to the values selected. The process of calibration and verification 
uses measured values of forcing functions and responses to determine the appropriate 
coefficients for the model configuration at the study site. Typically a set of field data is used 
to determine the correct values to use for the coefficients. However, this is beyond the scope 
of the present study and there is little or no available and appropriate data for this task. In 
this case the model sensitivity studies, the use and justification of reasonable values for the 
literature and similar studies, and the incorporation of a prudent level of conservatism is 
required. 

DATA ANALYSIS AND REPORTING 

A report documenting the results of all analyses will be prepared. The report will include 
summaries of all input data, modeling procedures, and model results. All pertinent model 
results and output files (as appropriate) will be reproduced as an appendix to the report. 
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Model results will be presented both in tabular form and graphically (i.e. contour plots) as 
appropriate. The report will include: an executive summary; an introduction describing the 
background, rationale, and general approach of the study; a description of the methods used 
including model formulation and input data; a description of the model results; an evaluation 
of the model validity for predicting dilution and plume characteristics; and, an evaluation of 
the concentration of the fish processing wastes within and at the boundary of the permitted 
ocean dumping site. 
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UNITED STATES ENVIRONMENTAL PROTECTION 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne Street 
·san Francisco, CA 94105 

December 10, 1993 

Oakland, CA 94604-2681 

AGENCY 

RECEIVED 
DEC 14 1993 
Ct--u1v1 Hill 

SAN FRANCISCO 

Re: Comments to Draft Study Plans for Joint Cannery Ocean Disposal 
Bioassay Toxicity Tests and Modeling Re-evaluation 

Dear Steve: 

We have reviewed the draft study plans for the biotoxicity 
tests and modeling re-evaluation. Attached are comments on the 
bioassay toxicity tests which should be addressed before the plan 
will be approved. Questions regarding these comments should be 
addressed to Amy Wagner at (510) 412-2329. A final study plan 
should be submitted for approval upon resolution of these comments. 

Due to the delay in submittal of the draft study plan, we are 
allowing the first sampling episode to occur in January 1994, 
rather than in November 1993, as indicated in the ocean disposal 
permits. Thus we approve your request that each of the subsequent 
three sampling episodes be delayed by the same amount to maintain 
the desired spacing. However, the completion date for the overall 
study will not be changed. 

The modeling re-evaluation study plan is approved as submit
ted. However, as we previously discussed, the additional, more 
sophisticated model referenced in the plan has not been selected 
yet and will be submitted for EPA's review prior to its utiliza
tion. 

Please call Pat Young at 415/744-1594 if you have any ques
tions. 

4:z (&ace, Chief 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim Cox, Van camp Seafood Company 
Norman Wei, starKist seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 

Attachment 



SUBJECT: 

TO: 

FROM:r-

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 
San Francisco, CA 94105 

DEC O 9 \99~ 
Review of Draft Bioassay and Modeling Re-evaluation Plans 
for Tuna Cannery Ocean Disposal Permits 

Pat Young 
American Samoa Program Manager 

Section 

Debra Denton, Permits Issuance Section, and I have reviewed Part I 
(Bioassay Toxicity Tests) in the above entitled document. We do 
not recommend approval of the plan until the following issues are 
addressed or considered. Any questions concerning these comments 
can be adressed to me at (510) 412-2329. 

1.Introduction, I-1: Considering the nature of the waste 
discharge, we agree that the fish processing wastes should be 
considered as whole effluent and not tested in the suspended 
particulate phase. 

2.Sample Shipping and Handling, page I-2: Understanding the 
logistical difficulties in shipping samples from the South Pacific, 
it should be recognized that a 10 day hold time could result in an 
increase or decrease of toxicity. It is likely that the BOD will 
increase over time as reflected by IDOD values determined in the 
last toxicity tests on cannery effluent. Every effort to minimize 
the hold time should be made. 

3.Selected Species, page I-2: Holmesimysis costata may not be an 
appropriate surrogate crustacean due to the low test temperature 
required and the crustacean's sensitivity to aeration. The use of 
the 96-hour static renewal acute test with Mysidopsis bahia is 
recommended as a more representative tropical species relevant to 
the study area. 

4.Sample Preparation, page I-4: Artificial sea salts for brine 
manipulations of effluents can often cause toxicity. Use of 
natural seawater brine effluents (obtained from freezing or 
evaporating natural seawater) is recommended. 

5.Experimental Conditions, II-4: The dilution series proposed seems 
more appropriate than the permit requirements based on toxicity 
seen at low concentrations of the cannery effluent. This dilution 
series may have to be modified after the first round of testing. 

6. Experimental Conditions, I-5: The test temperatures proposed for 
the crustacean and sea urchin bioassays are higher than standard 
method re!quirements. Tests with M- bahia and £. vanname.t are run 
at 20c, while tests using Q• purpuratus are normally run at 12-15C. 



?.Experimental Conditions, I-5: Methods for fish, mysid, and sea 
urchin toxicity tests should be cited (manual or reference) in this 
section_since all test conditions (ie. static renewals, number test 
organisms) are not listed. 

a.Quality Control and Quality Assurance, I-5: Sodium chloride is 
not a standard reference toxicant used in marine fish and mysid 
tests. In addition, this salt may cause an osmoregulatory rather 
than a toxicity response in the test organism causing variable 
sensitivity and dose-responses. Sodium dodecyl chloride, copper 
sulfate, or zinc sulfate are recommended reference toxicants for 
these test organisms. 

cc: Terry Oda, Chief 
Permits Issuance Section (W-5-1) 
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Standard Operating Procedures 
High Strength Waste Sampling 

for Bioassay Toxicity Tests 

Introduction 

Starkist Samoa, Inc. and VCS Samoa Packing are each required under their Ocean 
Disposal Dumping Permits to conduct definitive acute bioassays on their high 
strength waste (HSW) streams that are barged to sea for disposal at the permitted 
dump site. The following gives detailed procedures for collecting, preparing, and 
shipping samples for these analyses. 

Each cannery is required to collect a composite sample of high strength waste 
while the waste is being transferred from the storage tanks to the barge. Currently 
a one gallon composite is required for the bioassay tests. The procedures described 
below are applicable to sampling at each of the canneries. 

List of Equipment/Supplies 

The following supplies will be required for collecting composite high strength 
waste samples and preparing them for delivery to the laboratories: 

• Three (3) 1/2 to 1 gallon sampling containers 
• One I-gallon cubitainer or other appropriate container (container 

should be heavy-duty plastic with secure cap, do not ship samples in 
glass containers) 

• Permanent marker for marking sample containers 
• Cooler with ice (or refrigerator space) for storing sample 
• Cooler for shipping samples (note: Cooler should be sized to hold 

sample(s) with sufficient room for ice.) 
• Cubed ice (enough ice to fill airspace in cooler) 
• Chain of Custody Forms (supplied by CH2M HILL or by laboratory 

conducting the analysis) 

Sampling 

The following describes the general sampling procedures: 

1) Collect "Grab" Samples. Sampling should take place the day of or 
evening before the samples are shipped to the lab. Collect three 1/2 to I
gallon grab samples from existing sampUng ports in the storage tank 
transfer lines at the time waste is being transferred from the storage tanks to 
the barge. The samples should be collected at 10 minute intervals. Record 
the time each grab was taken. Store all samples in coolers on ice or in a 
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refrigerator at a temperature of approximately 4°C. Do NOT store samples 
in a freezer or using a method that would otherwise freeze the samples. 

2) Composite Samples. Using a permanent marker, label the !-gallon 
cubitainer with the following information: 

• Facility samples were collected from 
• Date 
• Time each grab sample was collected 

Combine the three grab samples by measuring 1/3 gallon of each into the !
gallon cubitainer. Seal the sample container by placing plastic inside the 
cap and taping the cap down. 

3) Complete Chain of Custody Form. One chain-of-custody form is required 
for each cooler in which samples are shipped. An example of a completed 
chain-of-custody form is included as Attachment A, along with a blank 
copy. Fill out the chain-of-custody form in triplicate or copy keeping one 
copy and sending two with the samples to the laboratory. 

Shipping 

The samples should be shipped the fastest way possible to: 
Dr. Kurt Kline 
Advanced Biological Testing, Inc. 
3150 Paradise Drive, Building 50 
Tiburon, CA 94920 

Phone: (415) 435-7878; Fax: (415) 435-7882 

The samples from each cannery can be shipped in separate coolers or in the same 
cooler. Place the composite sample into the cooler in which sample(s) is to be 
shipped. Ice; or an equivalent means such as chemical cold packs, should be used 
to fill in the empty space in the cooler and keep the sample(s) cold during 
shipping. Do not use dry ice to ship the sample. If cubed ice is used, precautions 
should be taken to prevent the melted ice from leaking out of the cooler during 
shipping. These include taping any drain plugs in the cooler shut with duct tape or 
strapping tape, and "double-bagging" the ice cubes in zip-lock bags, i.e. sealing the 
ice cubes in one bag, then sealing the bag containing ice in a second bag. As 
much air as possible should be removed from the bags prior to sealing. (Too much 
air inside the bags will expand during flight and pop the bag open). 

The chain-of-custody, form should signed, placed in a zip-lock bag, and taped with 
duct tape to the inside of the cooler lid. The cooler should be taped securely with 
strapping tape or other strong packaging tape to prevent it from opening during 
shipping. 
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Example Chain-of-Custody Form 
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OP:nm:P FA% TRAIISHJ:SSIOB 
OSEPA Region 9 

Office of Pacific X&land and Kative American Programs CE-4) 
75 Hawthorne street 

San Francisco, CA 94105 
FU 110: (415) 744-1604 

VBIUFZCA'l'l:011 BO: (415) 744-1s,, 
DATE: July 7, 1995 PAGES (incl. cover): l 
~----------------~----~----------------------------------------------TO: Kurt. Kline 

Advanced Biological Testing inc. 

FAX: 415/435-7882 Phone: 415/435-7878 

SUl3JEC'J.': Bioassay Test of cannery waste on Bi-va1ve Larvae 

~~--~-~~-----------~---~---~------~---------------------------------
Am.y Wagner discussed vi th me the prob1ems you were having vi th 

spawning tbe mussel larvae necessary tor conducting bioassay tests 
on the cannery waste, and whether you shou1d continue with the 
tests even though the cannery waste sample is now over 10 days oid. 
Although the sample has been stored properly and ~efrigerated, we 
are concerned that given its high organic content an4 the waste's 
tendency to increase its ammonia content over time, no meaningful 
comparison or correlation of results could be made amonq t.he 
resu1ts of bioassay tests conducted on mussel larvae using 10-day
old cannery waste and the results obtained with the san4 4ab and 
mysid using the fresh sample. Rather than having you conduct the 
entire series again with the three species using new samples, and 
given the unrealil>ili ty of the mussel spawning, ve waive the 
requirement to conduct the bioassay test on the mussel larvae ~or 
this round of sampling. 

Should you have any questions, please feel free t.o call me. 

cc: Steve Costa, CB.2HBill 
Jim cox, van Camp Seafoods 
Norman Wei, star-Kist Samoa 
Amy Wagner, EPA ""'"' 
Alan Ota, EPA ( w· "&· ~ ) 
Sheila, Wiegman, ASEPA 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne Street 
San Francisco, CA 94105 

September 30, 1994 

Oakland, CA 94604-2681 

1C?i94 

Re: Third Bioassay Test of Ocean Disposed High-Strength Waste of 
StarKist Samoa, Inc. and VCS Samoa Packing Company 

Dear Steve: 

We have reviewed the two options proposed in your letter of 
September 14, 1994 for the timing of the third bioassay test 
required by the canneries' ocean disposal permits. We be.lieve that 
information obtained during the different seasons would prove 
valuable. Thus, your proposal to change the schedule of the final 
bioassay test from December 1994 to June 1995 is approved. We 
understand that this will extend the term of the study beyond that 
stated in the permits. Since the modeling and evaluation will have 
been started on the first sets of data, we would expect to see the 
final study results by October 1995. As you know, the permits 
expire on August 31, 1996, and the canneries should reapply for 
permit renewal a few months prior to this expiration date. Because 
of the implications this report has for the designated ocean 
disposal site, we would like to receive the modeling and evaluation 
report with ample time to review it prior to the reapplication 
period. 

Please call me at (415) 744-1594 if we need to discuss this 
further. 

Sincerely, 

/Jttr~ 
Pat Young 
American Samoa Program Manager 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim Cox, Van Camp Seafood Company 
Norman Wei, StarKist Seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 
Allan Ota, W-3-3 
Amy Wagner, P-3-1 



'-' _ UNITED 

\~ 
Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681. 

STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne street 
San Francisco, CA 94105 

August 29, 1994 

Oakland, CA 94604-2681 

Re: Comments on Bioassay Testing of Ocean Disposed High-Strength 
Waste of StarKist Samoa, Inc. and vcs samoa Packing Company 

Dear Steve: 

We have revie~ad the report of June 29, 1.994 for the first of 
three rounds of bioassays of high-strength waste, as required by 
the canneries' ocean disposal permits. The report is based on two 
sampling events: the first was collected on February 16, 1994; and, 
a second sample was required and tested in March 1994, due to test 
failure of the echinoderms in the first salnple. Your proposed 
changes to the study methods, as outlined in your memo of July 1., 
1994, are acceptable. Enclosed is a memo from Amy Wagner of EPA's 
Laboratory Support Section, detailing the acceptable changes. 
Please call Amy at (510) 41.2-2329 if you have any questions on her 
col!llllents. 

We note that the second and third rounds ·· of testing ware 
scheduled for May and Augu~t 1994, and we would like to know if 
these tests were conducted as scheduled and, if not, the resched
uled dates, and when we can anticipate the reports on these 
bioassays_ Please relay this information to Pat Young, American 
Samoa Program Manager, or if you have any questions, call her at 
(415) 744-1594. 

Enclosure 

Sincerely, 

/rl . {._ 1:,e,,:-
0 iorman L. Lovelace, Chief 

.(c,-""'"Office of Pacific Island and Native 
American Programs (E-4) 

cc: Jim cox, van camp Seafood Company 
Norman Wei, starKist seafood company 
Tony Tausaga, American sa:w.oa EPA 
Sheila Wiegman, American Samoa EPA 
Allan Ota, W-3-3 
Amy Wagner, P-3-1 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX LABORATORY 

1337 S. 46TH STREET BLDG 201 
RICHMOND, CA 94804-4698 

MF.MORANDUM 

SUBJECT: Review of Bioassay Testing of Starkist, Samoa
7 

Inc. and VCS Samoa 
Packing High Strength 

FROM: 

THRU: 

TO: 

Jft L. frL,..v) 
Ki:6y \;\\7 agner 
Laboratory Section (P-3- I) 

tlt1111.~, J!;&,:-f /J,uZt~i~/- -
M1filaa B~itenct>\m, Chief 
Laboratory Section (P-3-l) 

Pat Young 
OPINAP (E-4) 

Allan Ota 
Wetlands and Sediment Management Section (W-3-3) 

At your reques~ I have reviewed "Results of a Bioassay Conducted 6n Two High 
Strength Waste Samples from the Van Camp and Starkist Tu...na Canneries in American 
Samoa." The following recommendations are based on the results of the first ·round 
of testing. · 

1. p. 11 The salinity of the Mysidopsis bahia tests were 25 ppt, presumably based on 
the salinity of the shipping water. An effort should be made to find a supplier that 
raises mysids in a salinity closer to that of the discharge site, between 30-35 ppt. 

2. Appendix, p. 1. It is recommended that the water quality measurements pH, 
dissolved oxygen,. and initial salinity be measured for all samples upon receipt. 



3. Appendix, Table 10. The salinities of 26-28 ppt most likely caused the high 
mortality in controls with the sea urchin toxicity test. If necessary, brine adjustments 
should be used to increase the salinity of test samples to the test method requirements 
of 30 + 2 ppt · 

4. To reduce salinity elevation throughout the tests, an attempt should be made to 
cover test containers to reduce evaporation. 

Based on the results of these tests, the following changes in the bionssay methods 
recommended by CH2M Hill in the cover memo are acceptable. 

1. The series of the concentrations for toxicity tests can be reduced to 2.0%, 1.0%, 
0.5%. 0.25%, 0.125%, and 0.0625% instead of the suggested series. 

2. Mytilus edulis can be used instead of Strongylocentrotus purpuratus as the third 
test organism. The oyster Crassostrea virgintca may be substituted for the mussel 
test during the months when mussels cannot be spawned. 

3. Aeration should be provided in the mussel test containers due to high biological 
oxygen demand of the effluent In addition to a control with aeration, a control 
without aeration should be run. A t-test should be used to determine if the there 
is any significant effect of aeration. 

Any questions on the comments can be addressed to me at (510) 412-2329. 

cc: Jeff Rosenbloom, Chief 
Wetlands and Sediment Management Section (W-3-3) 



UNITED STATES ENVIRONMENTAL PROTECTION 
REGION IX 

Steven L. Costa 
Project Manager 
CH2M Hill 
P.O. Box 12681 

75 Hawthorne street 
San Francisco, CA 94105 

December 10, 1993 

Oakland, CA 94604-2681 

AGENCY 

RECE!VED 
DEC 14 1993 
Ct-;~1v1 rl/LL 

SAN FRANCISCO 

Re: Comments to Draft study Plans for Joint cannery Ocean Disposal 
Bioassay Toxicity Tests and Modeling Re-evaluation 

Dear Steve: 

We have reviewed the draft study plans for the biotoxicity 
tests and modeling re-evaluation. Attached are comments on the 
bioassay toxicity tests which should be addressed before the plan 
will be approved. Questions regarding these comments should be 
addressed to Arny Wagner at (510) 412-2329. A final study plan 
should be submitted for approval upon resolution of these comments. 

Due to the delay in submittal of the draft study plan, we are 
allowing the first sampling episode to occur in January 1994, 
rather than in November 1993, as indicated in the ocean disposal 
permits. Thus we approve your request that each of the subsequent 
three sampling episodes be delayed by the same amount to maintain 
the desired spacing. However, the completion date for the overall 
study will not be changed. 

The modeling re-evaluation study plan is approved as submit
ted. However, as we previously discussed, the additional, more 
sophisticated model referenced in the plan has not been selected 
yet and will be submitted for EPA's review prior to its utiliza
tion. 

Please call Pat Young at 415/744-1594 if you have any ques
tions. 

~:z iace, Chief 
Office of Pacific Island and Native 

American Programs (E-4) 

cc: Jim Cox, Van Camp Seafood Company 
Norman Wei, starKist Seafood Company 
Tony Tausaga, American Samoa EPA 
Sheila Wiegman, American Samoa EPA 

Attachment 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne street 
San Francisco, CA 94105 

DECO 9 199~ 
SUBJECT: Review of Draft Bioassay and Modeling Re-evaluation Plans 

for Tuna Cannery Ocean Disposal Permits 

TO: Pat Young 
American Samoa Program Manager 

Debra Denton, Permits Issuance Section, and I have reviewed Part I 
(Bioassay Toxicity Tests) in the above entitled document. We do 
not recommend approval of the plan until the following issues are 
addressed or considered. Any questions concerning these comments 
can be adressed to me at (510) 412-2329. 

l.Introduction, I-1: Considering the nature of the waste 
discharge, we agree that the fish processing wastes should be 
considered as whole effluent and not tested in the suspended 
particulate phase. 

2.Sample Shipping and Handling, page I-2: Understanding the 
logistical difficulties in shipping samples from the South Pacific, 
it should be recognized that a 10 day hold time could result in an 
increase or decrease of toxicity. It is likely that the BOD will 
increase over time as reflected by IDOD values determined in the 
last toxicity tests on cannery effluent. Every effort to minimize 
the hold time should be made. 

3.Selected Species, page I-2: Holmesimysis costata may not be an 
appropriate surrogate crustacean due to the low test temperature 
required and the crustacean's sensitivity to aeration. The use of 
the 96-hour static renewal acute test with Mysidopsis bahia is 
recommended as a more representative tropical species relevant to 
the study area. 

4.Sample Preparation, page I-4: Artificial sea salts for brine 
manipulations of effluents can often cause toxicity. Use of 
natural seawater brine effluents (obtained from freezing or 
evaporatirig natural seawater) is recommended. 

5. Experimental Conditions, I-4: The dilution series proposed seems 
more appropriate than the permit requirements based on toxicity 
seen at low concentrations of the cannery effluent. This dilution 
series may have to be modified after the first round of testing. 

6. Experimental Conditions, I-5: The test temperatures proposed for 
the crustacean and sea urchin bioassays are higher than standard 
method requirements. Tests with M- bahia and~- vanname± are run 
at 20c, while tests using Q• purpuratus are normally run at 12-15C. 



?.Experimental Conditions, I-5: Methods for fish, mysid, and sea 
urchin toxicity tests should be cited (manual or reference) in this 
sectio~since all test conditions (ie. static renewals, number test 
organisms) are not listed. 

a.Quality Control and Quality Assurance, I-5: Sodium chloride is 
not a standard reference toxicant used in marine fish and mysid 
tests. In addition, this salt may cause an osmoregulatory rather 
than a toxicity response in the test organism causing variable 
sensitivity and dose-responses. Sodium dodecyl chloride, copper 
sulfate, or zinc sulfate are recommended reference toxicants for 
these test organisms. 

cc: Terry Oda, Chief 
Permits Issuance Section (W-5-1) 



Appendix 5 
Laboratory Results Submitted by ABT- First Test 



RESULTS OF A BIOASSAY CONDUCTED ON 
TWO HIGH STRENGTH WASTE SAMPLES 

FROM THE VAN CAMP AND STARKIST TUNA CANNERIES 
IN AMERICAN SAMOA 

Prepared for: 

CH2M Hill California, Inc. 
1111 Broadway 

Oakland, CA 94607 
Project# PDX 30702 

Prepared by: 

Advanced Biological Testing Inc. 
98 Main St.,# 419 

Tiburon, Ca. 94920 

June 29, 1994 

Ref: 9309-2 



Advanced IBiological Testing Inc. 

1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia, Mytilus edulis, Strongylocentrotus 

purpuratus and Citharichthys stigmaeus using high strength wastes (HSW) collected separately 

from the Van Camp (HSW-1) and Starkist (HSW-2) tuna canneries in American Samoa. The 

study was run using methods generally specified in EPA 1991 and in a Sampling and Testing 

Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 

1 



&dvanced IBiological 'Iresting Inc. 

2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on February 16, 1994 by personnel from 

CH2M Hill. Due to shipping and airline scheduling problems, frequently encountered in this 

region, the sample was received by the laboratory on February 19, 1994. Two five gallon carboys 

were provided from each cannery defined as HSW-1 (VCS) and HSW-2 (SK) and were 

maintained in ice-filled coolers from the date of sampling until laboratory receipt. The sample 

were at 2-3°C upon receipt. 

Due to the test failure in the echinoderms, both of the HSW were resampled on March 30, 1994, 

and shipped to ABT arriving on April 4, 1994. 

2.2 SAMPLE PREPARATION 

2.2.1 Testing on the speckled sanddab, Citharichthys stigmaeus 

After extensive discussions with the EPA regarding the proposed testing concentrations, the high 

strength wastes were tested at eight concentrations starting from 3.0% and dropping using a 50% 

dilution factor. The final concentrations were 3.0, 1.5, 1.25, 0.8, 0.4, 0.2, 0.1 and 0.05% as 

vol:vol dilutions in seawater. The diluent was filtered seawater from the Bodega Bay Marine 

Laboratory. The dilutions were brought up to the test temperature (14°C) and aerated 

continuously. Based upon data provided by CH2M Hill, and subsequently supported by 

information from the EPA, these effluents have an extremely high biological oxygen demand, 

therefore aeration was carried out from the beginning of the test. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/Lin 30 ppt seawater in a 24 hour test. 

2.2.2 Testing on the mysid, Mysidopsis bahia 

Both of the high strength wastes were tested twice, once in a concentration series of 25, 12.5, 

6.25, 3.1, 1.6, 0.8, and 0.4% vol:vol in seawater, and after discussions with the EPA, a second 

2 



Advanced IBiological 'lresting Inc. 

time at a lower concentration series of 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05% vol:vol dilutions. The 

diluent was filtered seawater from the Bodega Bay Marine Laboratory. The dilutions were 

brought up to the test temperature (20°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 20, 10, 5, 2.5 and 1.25 mg/L in 30 ppt seawater in a 96 hour test. 

2.2.3 Echinoderm and Bivalve Larval Bioassay 

Test solutions used in the bioassays were prepared using San Francisco Bay seawater at 28 ppt in 

serial dilution (0.5) to create 0.08%, 0.15%, 0.3%, 0.6% and 1.2% test concentrations for the 

bioassays. The echinoderm test failed control survival in two testing attempts using the initial 

HSW delivered on February 19, 1994. A second sample was requested from each cannery which 

was delivered on April 4, 1994. The echinoderm test again marginally failed the controls and the 

results of the study are presented for information. The bivalve study conducted concurrently with 

the echinoderm bioassay passed the control criteria. 

The reference toxicant for the echinoderm and bivalve larval bioassays was copper at test 

concentrations of 0.56, 3.2, 10, 32, and 56 µg/L. 

2.2.4 Citharichthys stigmaeus 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on February 19, 1994. 

The test conditions are summarized in Table 1. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily as initial quality on Day 0 

and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 

salinity, total ammonia, and temperature. 

2.2.5 Mysidopsis bahia 

The first bioassay was carried out on 7-10 day old larval Mysidopsis bahia, supplied by 

J. Brezina and Associates in Dillon Beach, California. The animals were received at ABT on 

February 19, 1994. The test conditions for this test are summarized in Table 2. The second test 

was carried out on larval mysids supplied by Aquatox from Hot Springs, Arkansas. The animals 

3 



J.1dvanced IBiological Testing Inc. 

were received at ABT on February 26, 1994. The test conditions for the second test are 

summarized in Table 3. 

Five replicates of each concentration were tested with ten larval mysids per replicate. Water 

quality was monitored daily as initial quality on Day 0 and final water quality on Days 1-4. 

Parameters measured included dissolved oxygen, pH, salinity, total ammonia, and temperature. 

2.2.6 Echinoderm Larval Development Test 

The echinoderm larvae survival and development test followed draft ASTM methods (ASTM, 

1994). Purple urchins, Strongylocentrotus purpuratus, were .obtained from A. K. Siewers, Santa 

Cruz, California. Adults were induced to spawn by intercoelomic injection of 0.5M KCL 

Released eggs were placed in individual containers of filtered seawater, and sperm was collected 

dry and held on ice. Gametes were mixed and allowed to fertilize for up to two hours. Fertilized 

eggs were then separated from sperm and debris by filtering the suspension at 20 µm. Egg stock 

density was estimated by counting an aliquot of dilute stock concentrate. Equal volumes of 

concentrate were added to each replicate to an initial density of 15-30 embryos per mL. Initial 

stocking density was confirmed by counting a 5 mL aliquot from at least three control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature, pH, dissolved oxygen, and salinity were recorded at 0, 24, 48 and 72 hours in water 

quality replicates. Total ammonia was measured in the 1.2% sample at 0 and 48 hours. At the 

end of the exposure period, a 5 mL sub-sample was taken from each test replicate and preserved 

with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the total 

number of norrnal and abnormal larvae were counted. 

2.2.7 Mytilus edulis Larval Survival and Development Test 

The bivalve larvae survival and development test was run in parallel with the echinoderm using 

the second set of effluents. The test followed methods in ASTM (1993). Bay mussels, Mytilus 

edulis, were obtained from A. K. Siewers, Santa Cruz, California. Adults were induced to spawn 

by heat shocking. Released gametes were placed in individual containers of filtered seawater and 

examined for viability. Gametes were mixed and allowed to fertilize for up to two hours, under 

gentle aeration. Fertilized eggs were then separated from sperm and debris by filtering the 

suspension at 20 µm. Egg stock density was estimated by counting an aliquot of dilute stock 

concentrate. Equal volumes of concentrate were added to each replicate to an initial density of 
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Advanced IBiological "l:resting Inc. 

15-30 embryos per mL. Initial stocking density was confirmed by counting a 5 mL aliquot from 

at least thre~control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature, pH, dissolved oxygen, and salinity were recorded at O and 48 hours; temperature 

was also recorded at 24 hours. Total ammonia was measured in 1.2% sample at O and 48 hours. 

At the end of the exposure period, a 5 mL sub-sample was taken from each test replicate and 

preserved with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the 

total number of normal and abnormal larvae were counted. 

Dissolved oxygen levels of test solutions of HSW-2 fell below 60% saturation in both the bivalve 

and echinoderm tests. Gentle aeration was started on Day 1, and continued for the duration of the 

tests. To assess the effects of aeration, control replicates 4 and 5 were aerated beginning on 

Day 1 for both the bivalve and echinoderm tests. No statistical differences were observed 

between aerated and unaerated control replicates. 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the test, the survival data were evaluated statistically using ToxCalc TM to 

determine ECp, NOEC, and TU values where appropriate. ToxCalc TM is a comprehensive 

statistical application that follows standard guidelines for acute and chronic toxicity data 

analysis. 

At the conclusion of the echinoderm tests, data were evaluated statistically to estimate the LC50 

and IC50 values for the elutriate tests. The LC50 and IC50 values were estimated using the 

Prob it or the Linear Interpolation (Bootstrap) Method. 

The LC50 and the IC50 for the bivalve larvae copper reference toxicant test were both within 

two standard deviations of the laboratory means of 26.3 µg/L and 8.9 µg/L, respectively, 

indicating normal sensitivity of the test organisms. No laboratory means for the echinoderm 

larvae copper reference toxicant test have yet been established. 

Statistical effects can be measured by the ECp, the estimated concentration that causes any 

effect, either lethal (LC) or sublethal (IC), on p% of the test population. The LCp is the point 

estimate of the concentration at which a lethal effect is observed in p% of the test organisms. 

ECp values include 95% confidence limits if available. 

5 



Advanced IBiological Testing Inc. 

The NOEC (No Observable Effect Concentration) is the highest tested concentration at which 

mortality is not significantly different from the control. 

6 



Advanced IBiological 'II'esting Inc. 

3.0 
RESULTS 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 20 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected at approximately 1. hour after test initiation in all of the concentration even with 

supplemental aeration therefore aeration was maintained in all chambers for the duration of the 

test. Ammonia was measured in two replicates from each concentration daily and was a 

potentially significant toxic component of the test for all concentrations. 

3.1 Citharichthys stigmaeus 

The LC50 for HSW-1 was 0.59%. Mortality in the effluent was rapid at the highest 

concentrations, occurring in 2-4 hours. There was significant mortality at 3.0, 1.5, and 0.8% 

concentrations compared to the control at 96 hours. The NOEC was 0.4% and the LOEC was 

0.8% 

The LC50 for HSW-2 was 0.27%. Mortality in the effluent was rapid at the highest 

concentrations, generally occurring in 2-4 hours. There was significant mortality at 3, 1.5, 0.8 

and 0.4% concentrations compared to the control at 96 hours. The NOEC was 0.2%, and the 

LOEC was 0.4%. 

The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LC50 of 4.34 mg/L, an NOEC of 3.1 mg/L, and an LOEC of 6.25 mg/L. This is the 

first reference toxicant test on Citharichthys at this laboratory, therefore no database has been 

established by this laboratory. 

3.2 Mysidopsis bahia 

The LC50 results for both HSW effluents in the initial tests were <0.4%. Based upon the fact that 

no definitive LC50 could be calculated, the tests were rerun as described in the methods. 

The LC50 for HSW-1 was 0.59%. Mortality in the 1.6% and 0.8% effluent was incomplete at 24 

hours. At 96 hours, there was significant mortality at 1.6, 0.8, 0.4, and 0.1 % concentrations 

compared to the control. The NOEC was 0.05% and the LOEC was 0.1 %. 

7 



Advanced IBiological TI'esting Inc. 

In the second test series the LC50 for HSW-2 was 0.12%. Mortality in the 1.6% and 0.8% 

effluent was complete at 24 hours. There was significant mortality at 96 hours in the 1.6, 0.8, 0.4, 

0.2 and 0.1 % concentrations compared to the control. The NOEC was 0.05%, and the LOEC was 

0.1%. 

The reference toxicant test had an LC50 of 8.90 mg/L, with an NOEC of <1.25 mg/L and an 

LOEC of 1.25 mg/L. This is the first reference toxicant test on Mysidopsis at this laboratory, 

therefore no database has been established. 

3.3 ECHINODERM LARVAL BIOASSA Y 

Control survival was marginal and unacceptable according to the protocol at 64.4% with 5.7% 

abnormal development. Total survival was relatively high and equal to control survival in all 

concentrations, however all of the embryos were abnormally developed at 0.15% to 1.2% in 

HSW-1 and from 0.08% to 1.2% in HSW-2. The LC50 for both effluents was greater than 1.2% 

however the IC50 was 0.1 % for HSW-1 and <0.08% for HSW-2. 

The reference toxicant analysis yielded an LC50 of 11.8 µg/L and an IC50 of 10.1 µg/L. The use 

of the echinodenn larval bioassay is still limited and no data is available for comparison. 

3.4 BIVALVE LARVAL BIOASSA Y 

Control survival was acceptable at 98.1 % with 6.3% abnormal development. Total survival was 

relatively high in all concentrations, however all of the embryos were abnormally developed at 

0.15% to 1.2% in HSW-1 and HSW-2. The LC50 for both effluents was greater than 1.2% 

however the IC50s were <0.08% for both HSW-1 and HSW-2. 

The LC50 and IC50 for the bivalve larvae copper reference toxicant test were both within two 

standard deviations of the laboratory means of 26.3 µg/L and 8.9 µg/L, respectively, indicating 

normal sensitivity of the test organisms. 

3.5 AMMONIA MEASUREMENTS 

Ammonia in both of the HSW was very high. When measured in a 25% dilution in seawater, 

ammonia levels ranged from 160 to 180 mg/L. If converted to the 100% concentration, the 

8 



Advanced IBiological 'lTesting Inc. 

ammonia level would be above 640 mg/L. Tested concentrations in the Citharichthys bioassay 

ranged from !).08 to 0.17 mg/L in the lowest concentration (0.05%) to 3.44 to 9.65 mg/L in the 

3.0% dilution. At each test concentration, HSW-2 generated the higher ammonia levels. The 

toxicity of ammonia to sanddabs is well documented and the measured levels in the three highest 

concentrations in HSW-2 and the two highest concentrations in HSW-1 were sufficient to cause 

toxicity in the test animals in 24 hours. The mysid test results appear to indicate a slightly higher 

tolerance to ammonia as has been shown in the literature. 

9 



Advanced IBiological 'Ifesting Inc. 

TABLE 1 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Citharichthys stigmaeus (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Citharichthys stigmaeus 

J. Brezina and Associates 

Tomales Bay 

2119/94 

24 hours 

30 ppt seawater 

15±2°C 

Juveniles, 3-5 cm TL 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °C in the dark 

96 hour static acute, renewal at 48 hours 

2/19/94 to 2/23/94 

Bodega Bay seawater 

15 ± 1 °C 

16L: 8 D 

30± 2 ppt 

20 L polyethylene chamber 

10 animals/replicate 

5L 

5 

None 

Due to aeration, salinity increased throughout test. 

10 



Advanced I.Biological Testing Inc. 

TABLE2 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/freatment 

Feeding 

Deviations from procedures 

Data 

Mysidopsis bahia 

J. Brezina and Associates 

2/19/94 

overnight 

Shipping water 

20±2°C 

larvae 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

2/19/94 to 2/23/94 

Bodega Bay seawater 

20±2°C 

14L:10D 

25 ppt 

l0OOmLjars 

10 animal/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

Due to aeration, salinity increased throughout test 

11 



Advanced IBiological Testing Inc. 

TABLE3 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicatesffreatment 

Feeding 

Deviations from procedures 

Data 

Mysidopsis bahia 

Aquatox 

2/26/94 

Overnight 

Shipping water 

20±2°C 

larvae 

940219-1, -2 

2/16/94 

2/19/94 

Ten gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

2/27 /94 to 3/2/94 

Bodega Bay seawater 

20 ± 2°c 

14L:10D 

25 ppt 

1000 rnL jars 

10 animal/replicate 

500 rnL 

5 

Brine shrimp (24 hr old nauplii) 

Due to aeration, salinity increased throughout test 
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TABLE4 

Bioassay Procedure And Organism Data 

For The Bioassay Using Larvae of 

Strongylocentrotus purpuratus (modified ASTM 1994) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Strongylocentrotus purpuratus 

A.K. Siewers, Santa Cruz, CA 

4n/94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

940404-3, -4 

3/30/94 

4/4/94 

Two liters 

4°C in the dark 

Acute/static; 96 hours 

4n /94 to 4/ 11/94 

San Francisco Bay seawater, 0.45 µm filtered and 

uv-sterilized 

16± 2°c 
14L:IOD 

30± 2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

5 

None 

Chambers were gently aerated with low bubble 

aeration 
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Advanced IBiological '1:resting Inc. 

TABLES 

Bioassay Procedure And Organism Data 

For The 48 Hour Bioassay 

Using Larvae of Mytilus edulis (ASTM 1993) 

Parameter 

Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 

Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

Mytilus edulis 

A.K. Siewers, Santa Cruz, CA 

4n/94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

940404-3 ,-4 

3/30/94 

4/4/94 

Two liters 

4 °C in the dark 

Acute; static; 48 hours 

4n /94 to 4/9/94 

San Francisco Bay seawater, 0.45 µm filtered and 

uv-sterilized 

16± 2°c 

14L:10D 

30± 2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

3 

None 

Chambers were gently aerated with low bubble 

aeration 

14 



Advanced :::iological 1festing Inc. 

TABLE6 

SUMMARY OF RESULTS 
FOR THE HIGH STRENGTH WASTE BIO ASSAYS 

Species Test Endpoint HSW-1 

Citharichthys stigmaeus 96 hr static LC50 0.59% 

Mysidopsis bahia 96 hr static LC50 0.59% 

Strongylocentrotus purpuratus 96 hr static LC50 >1.2% 
IC50 0.10% 

Mytilus edulis 48 hr static LC50 >l.2% 
IC50 <0.08% 

Note: 
HSW-1: Van Camp 
HSW-2: Starkist 

15 

HSW-2 

0.27% 

0.12% 

>1.2% 
<0.08% 

>1.2% 
<0.08% 



Advanced lBiological Testing Inc. 

TABLE7 

SUMMARY OF RESULTS FOR THE REFERENCE TOXICANT (S.D.S.) TEST 

Citharichthys stigmaeus 
Concentration 

(mg/L) 

Control 
1.6 
3.1 
6.2 

12.5 
25 

Mysidopsis bahia 
Concentration 

(mg/L) 

Control 
1.25 
2.5 

5 
10 
20 

* 
ICp/LCp: 

NOEC: 

TU: 

% 
Survival 

93.3 
80.0 
100.0 
0.0 
0.0 
0.0 

% 
Survival 

90.0 
70.0 
56.7 
46.7 

46.7 
36.7 

Statistically significant. 

ECp 
(mg/L) 

EC50 

ECp 
(mg/L) 

4.3449 

EC50 8.90 (3.04-69.22) 

Inhibition/Lethal Concentration for p% of the organisms. 
No Observable Effect Concentration. 
100%/NOEC. 

16 

NOEC 
(mg/L) 

3.1 

NOEC 
(mg/L) 

<1.25 

LOEC 
(mg/L) 

6.25 

LOEC 
(mg/L) 

l.25 



Advanced IBiological Testing Inc. 
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APPENDIX TABLE 1 

SAMPLE WATER QUALITY 

Total Initial 
pH DO NH3 Salinity 

Date Day Sample (units) (mg/L) (mg/L) (ppt) 

0 HSW-1, 1.2% 7.62 8.0 62.5 26 
0 HSW-2, 1.2% 6.87 7.9 51.6 26 

4/9/94 2 HSW-1, 1.2% 26.4 
2 HSW-2, 1.2% 41.2 

4/11/94 4 HSW-1, 1.2% 33.5 

4 HSW-2, 1.2% 41.9 



APPENDIX TABLE 2 

Citharichlhys stigma,u.s 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-1 

Concentration Day 0 
(%) Rep pH DO NH3 cc Sal 

Control 

0.05 

2 

3 

4 

5 

2 

3 
4 

5 

0.1 I 

0.2 

0.4 

0.8 

2 
3 
4 

2 

3 

4 

5 

2 

3 

4 

5 

3 
4 
5 

s.02 6.2 o.m 14.o 32.o 

8.00 6.3 0.19 14.0 32.2 

801 6.2 0.25 14.0 32.1 

8.01 6.0 0.54 14.0 32.1 

7.93 6.1 0.89 14.0 32.0 

7.68 6.1 2.01 14.0 32.0 

Day I 
pH DO NH3 cc Sal 

8.07 
8.11 
8.10 
8.10 
8.10 

8.04 
8.03 
8.05 
8.01 
8.05 

8.06 
8.03 
8.01 
8.04 

8.04 
8.01 
7.98 
8.02 
8.03 

7.95 
7.98 
8.00 
7.76 
7.93 

7.89 
7.82 
7.95 
7.88 

5.5 0.01 13.2 31.5 
5.8 13.7 31.0 
6.0 13.8 30.9 
6.0 13.2 31.6 
6.0 13.3 31.7 

6.0 0.08 13.5 33.8 
6.0 13.6 33.8 
6.0 13.5 32.7 
6.0 13.5 32.3 
5.9 13.6 33.1 

6.0 0.13 13.5 31.8 
5.9 13.8 31.7 
5.8 13.3 32.8 
5.9 13.8 32.6 

5.7 0.20 14.2 30.0 
5.8 14.J 29.9 
5.8 13.9 29.8 
5.8 13.9 29 .8 
5.8 13.8 29.8 

5.4 0.33 13.7 30.1 
5.6 14.4 30.2 
5.9 14.4 30.2 
4.6 14.0 29.9 
5.2 13.5 30.4 

5.2 0.64 13.7 30.8 
5.1 13.J 31.2 
5.4 14.1 30.8 
5.4 13.2 31.5 

1.5 7.5 I 6.0 3.56 14.0 32.2 7.83 5.2 1.43 13.3 32.2 

3.0 

2 7.76 4.8 13.5 31.7 
3 7 .75 5.0 12.9 32.3 
4 

5 

2 

3 
4 
5 

7.76 5.2 
7.76 5,1 

12.9 32.2 
12.9 32.3 

7.23 5.9 I I.I 14.0 32.1 7.85 5.6 3.44 13.6 33.7 
7.74 4.6 13.9 33.3 
7.81 5.0 13.9 33.8 
7.75 4.7 
7.81 5.0 

14.1 33.6 
19.2 33.7 

Day 2 
pH DO NH3 °C Sal 

8.08 5.5 13.8 32.9 
8.13 5.6 0.12 14.2 31.7 
8.12 5.7 14.2 31.8 
8.13 5.7 13.6 33.l 
8.12 5.6 13.9 33.3 

8.07 
8.07 
8.10 
8.07 
8.09 

5.6 13.9 36.2 
5.5 0.05 13.9 36.4 
5.5 14.1 33.6 
5.6 14.I 33.4 
5.6 14.l 34.1 

8.12 5.6 13.9 32.6 
8.10 5.7 0.08 14.2 32.6 
8.08 5.7 13.8 34.8 
8.12 5.8 14.5 33.9 

8.14 
8.14 
8.12 
815 
8.13 

8.12 
8.13 
8.15 
8.06 
8.11 

5.9 14.4 3 I.I 
5.8 0.17 14.5 30.5 
5.8 14.2 30.3 
5.8 14.2 30.5 
5.8 14.2 30.5 

5.4 14.2 30.8 
5.8 0.25 14.8 31.1 
5.7 14.3 31.6 
5.8 14.5 30.3 
5.6 14.0 31.4 

8.15 5.6 14.l 31.7 
8.09 5.6 0.40 13.7 32.6 
8.16 5.5 14.5 32.0 
8.13 5.7 14.5 32.7 

Min 
Max 

7.23 5.9 0.02 14.0 32.0 
8.02 6.3 11.1 14.0 32.2 

7.74 4.6 0.01 12.9 29.8 8.06 5.4 0,05 13.6 30.3 
8.11 6.0 3.44 19.2 33.8 8.16 5.9 0.40 14.8 36.4 

Note: All animals dead. 
NT= Not taken. 
0.1 replicate 5 not stocked. 
0.8 replicate 2 lost due to lab error. 

Day3 
pH DO NH3 °C Sal 

8.03 6.0 14.0 35.0 
8.12 6.0 14.3 33.0 
8.11 6.0 14.4 32.0 
8.11 6.0 <0.10 13.9 35.0 
8.12 6.0 14.0 34.0 

8.07 
8.04 
8.08 
8.06 
8.09 

6.0 14.0 38.0 
6.0 14.1 38.0 
6.0 14.2 35.0 
6.0 <0.10 14.2 34.0 
6.0 14.2 35.0 

8.11 6.0 
8.10 6.0 

14.1 34.0 
14.4 33.0 

8.06 5.9 14.0 37 .0 
8.11 6.0 <0.10 14.6 35.0 

8.13 
8.16 
8.13 
8.15 
8.15 

6.0 
6.0 
5.9 

6.3 
6.3 

Nf 

14.3 32.0 
14.6 31.0 
14.9 31.0 
14.9 31.0 
14.9 31.0 

8.14 6.3 14.3 32.0 
8.17 6.3 14.9 32.0 
8.18 6.3 14.6 33.0 
8.09 6.2 0.17 14.7 31.0 
8.13 6.2 14.0 32.0 

8.15 
8.06 
8.17 
8.16 

6.2 14.2 33.0 
6.3 13.90 34.0 
6,4 0.48 14.3 34.0 
6.3 14.5 34.0 

8.03 5.9 <0.10 13.9 31.0 
8.18 6.4 0.48 14.9 38,0 

Day4 
pH DO NH3 °C Sal 

8.06 6.1 0.02 14.4 36.0 
8.13 6.l 15.0 33.0 
8.12 5.8 15.2 33.0 
8.13 5.6 14.6 36.0 
8.13 5.8 14.7 37.0 

8.07 
8.06 
8.10 
8.04 
8.10 

5.8 0.10 14.8 40.0 
5.6 14.7 40.0 
5.6 14.6 35.0 
5.8 14.7 35.0 
5.8 14.9 36.0 

8.13 5.8 
8.!0 5.8 
8.06 5.6 
8.11 5.7 

0.12 14.9 34.0 
14.9 34.0 
14.4 39.0 
14.9 36.0 

8.13 
8.16 
8.14 
8.16 
8.17 

8.17 
8.18 
8.06 
8.11 
8.19 

6.0 0.17 14.9 34.0 
5.9 14.9 32.0 
5.9 15.0 32.0 
5.8 15.0 32.0 
5.8 15.0 32.0 

5.8 
5.8 
5,8 
5.8 
5.6 

0.31 15.0 32.0 
14.7 33 0 
14.6 34.0 
14.6 36.0 
14.3 34.0 

8.10 5.8 
8.10 5.8 
8.18 5.8 
8.21 5.8 

0.51 14.7 33.0 
14.20 36.0 
14.4 35.0 
14.3 35.0 

8.04 5.6 0.02 14.2 32.0 
8.21 6.1 0.51 15.2 40.0 



APPENDIX TABLE 2 (Cont'd} 

CilharichJhys stigmaeus 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-2 

Concentration Day 0 Day 1 Day2 Day3 Day4 

(%z Rel! i!H DO NH3 ·c Sal i!H DO NH3 "C Sal 2H DO NH3 oc Sal l!H DO NH3 ·c Sal l!H DO NH3 ·c Sal 

Control 1 8.02 6.2 O.o2 14.0 32.0 8.08 5.5 o.oi 13.2 31.5 8.02 5.5 13.8 32.9 8.03 6.0 14.0 35.0 8.06 6.1 0.02 14.4 36.0 

2 8.11 5.8 13.7 31.0 8.13 5.6 0.12 14.2 31.7 8.12 6.0 143 33.0 8.13 6.1 15.0 33.0 

3 8.10 6.0 13.8 30.9 8.12 5.7 14.2 31.8 8.11 6.0 14.4 32.0 8.12 5.8 15.2 33.0 

4 8.10 6.0 13.2 31.6 8.13 5.7 13.6 33.1 8.11 6.0 <0.10 13.9 35.0 8.13 5.6 14.6 36.0 

5 8.10 6.0 13.3 31.7 8.12 5.6 13.9 33.3 8.12 6.0 14.0 34.0 8.13 5.8 14.7 37.0 

0.05 7.89 6.1 0.32 14.0 32.0 7.98 6.0 13.5 36.2 8.02 5.6 13.9 4!.l 8.02 6.4 14.0 38.0 8.03 5.2 0.13 14.4 40.0 

2 8.03 6.2 0.17 14.5 34.0 8.11 5.6 0.12 15.0 35.4 8.13 6.4 15.2 38.0 8.15 5.6 15.2 40.0 

3 8.01 6.0 13.6 33.7 8.05 5.7 14.1 34.9 8.10 6.3 14.4 36.0 8.10 5.6 14.2 37 0 

4 8.02 6.0 13.3 34.5 8.04 5.8 13.7 36.9 8.07 6.3 <0.10 13.9 38.0 8.06 5.6 14.0 40.0 

5 8.01 6.0 13.3 34.5 8.04 5.6 13.8 36.5 8.05 6.3 14.0 38.0 8.06 5.6 14.0 40.0 

0.1 I 7.% 60 0.56 14.0 32.2 8.02 6.1 13.3 35.0 8.03 5.4 13.7 37.8 8.04 6.2 13.9 40.0 8.06 5.8 0.12 13.9 40.0 

2 8.03 6.1 0.24 14.2 33.6 809 5.5 0.13 14.9 34.5 8.11 6.3 14.9 35.0 8.13 5.8 14.6 36.0 

3 8.02 6.0 13.8 34.2 8.05 5.7 14.2 36.l 8.06 6.3 14.4 38.0 8.08 5.8 14.3 40.0 

4 8.02 5.9 14.3 33.5 8.07 5.5 14.9 34.2 8.09 6.3 dUO 15.0 35.0 8.11 5.8 14.7 36.0 

s 8.04 6.1 13.2 33.6 8.07 5.6 14.8 34.4 8.11 6.3 14.0 35.0 8.13 5.8 13.9 36.0 

0.2 I 7.87 6.1 1.32 14.0 32.0 8.03 6.0 13.2 33.5 8.11 5.6 13.9 34.3 8.12 6.3 14.I 35.0 8.15 5.8 0.20 13.8 36.0 

2 8.02 6.0 0.53 13.2 336 8.IO 5.7 0.20 13.9 34.6 8.12 6.3 14.1 35.0 8.14 5.8 13.7 37.0 

3 8.03 6.0 13.5 33.5 8.10 5.8 14.1 34.1 8.13 6.3 14.3 35.0 8.15 5.8 13.9 36.0 

4 8.01 6.0 13.5 33.7 8.09 5.8 14.0 34.8 8.12 6.3 0.22 14.3 36.0 8.14 5.8 13.9 37.0 

5 8.02 6.0 13.8 33.8 8.10 5.7 14.2 34.8 8.04 6.3 14.3 35.0 8.15 5.8 14.2 36.0 

0.4 7.66 6.0 3.00 14.0 32.1 7.95 5.8 13.2 35.1 7.99 5.4 13.8 38.2 8.08 6.3 13.9 41.0 8.05 5.8 0.30 13.7 40.0 

2 7.97 5.8 0.86 13.2 34.5 8.06 5.3 0.32 13.9 36.3 8.10 6.3 14.1 38.0 8.08 5.8 13.7 41.0 

3 7.99 6.0 14.5 33.7 

4 7.99 5.9 14.4 33.5 7.89 5.1 15.0 34.1 

5 7.99 5.9 14.4 33.6 8.04 5.4 14.8 34.5 8.13 6.3 0.23 14.9 35.0 8.15 5.8 15.2 36.0 

0.8 7.35 6.0 6.34 14.0 32.0 7.88 5.4 13.5 35.2 

2 7.93 5.7 1.95 14.l 33.7 

3 7.91 5.7 13.9 33.7 

4 7.93 5.7 13.9 33.7 

5 7,92 5.8 14.2 33.9 

l.S 2 7.00 5.9 14.6 14.0 32.0 7.84 5.5 14.1 33.5 

3 7.80 5.4 4.23 14.2 33.2 

4 7.85 5.4 13.9 33.5 

s 7.85 5.4 13.9 33.4 

3.0 I 6.81 5.7 28.5 14.0 32.0 7.89 5.7 13.9 33.5 

2 7.86 5.9 9.65 13.8 33.5 

3 7.88 5.9 13.6 33.3 

4 7.81 5.8 13.0 34.0 

5 7.81 5.8 12.9 34.1 

Min 6.81 5.7 0.02 14.0 32.0 7.80 5.4 0.17 12.9 30.9 7.89 5.1 0.12 13.6 31.7 8.02 6.0 <0.10 13.9 32.0 8.03 5.2 0.12 13.7 33.0 

Max 8.02 6.2 28.50 14.0 32.2 8.11 6.2 9.65 14.5 36.2 8.13 5.8 0.32 15.0 41.1 8.13 6.4 0.23 15.2 41.0 8.15 6.1 0.30 15.2 41.0 

Note: All animals dead. 



APPENDIX TABLE 3 

CitharichJhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Ree Added Dar 1 Dar2 Dar3 Da;r4 Survival Survival 

Control 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 IO 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.05 1 10 10 IO 10 10 100 
2 10 10 9 9 9 90 
3 JO JO 10 JO 10 100 
4 10 JO 10 10 10 100 
5 10 10 10 10 JO 100 98.0 

0.1 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 9 90 
4 10 JO 10 JO 10 100 97.5 

0.2 1 10 10 10 10 10 100 
2 IO 10 10 10 JO 100 
3 IO IO IO 10 10 100 
4 IO IO IO 10 10 100 
5 10 IO 10 9 9 90 98.0 

0.4 1 10 10 10 10 10 100 
2 10 7 6 6 6 60 
3 10 10 8 8 8 80 
4 10 9 9 9 9 90 
5 10 10 9 9 9 90 84.0 

0.8 1 10 5 3 3 1 10 
3 10 10 9 9 9 90 
4 10 9 I 1 0 0 
5 10 5 5 3 3 30 32.5 

l.S 1 10 0 0 
2 IO 0 0 
3 JO 0 0 
4 10 0 0 
5 10 0 0 0.0 

30 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - All animals dead. 



APPENDIX TABLE 3 (Cont'd) 

Citharichthys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control I 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 IO 100 
5 10 10 10 10 10 100 100.0 

0.05 1 10 10 10 10 9 90 
2 10 10 10 10 9 90 
3 10 10 10 10 10 100 
4 10 10 10 10 9 90 
5 10 10 10 10 10 100 94.0 

0.1 1 10 10 10 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 98.0 

0.2 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 IO 9 9 9 90 
5 10 10 9 9 9 90 96.0 

0.4 1 10 4 3 2 2 20 
2 10 4 3 3 2 20 
3 10 0 0 
4 10 3 0 0 
5 10 3 3 3 3 30 14.0 

0.8 I 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

15 2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

3 1 10 0 0 
2 10 0 0 

3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: = All animals dead. 



APPENDIX TABLE 4 

Citharichthys stigmaeus 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S} TEST 

Concentration Day0 Day 1 

(mg/L) Rep pH DO oc Sal pH DO oc Sal 

Control 1 8.02 5.8 15.9 32 7.20 5.7 15.2 31 

2 7.31 5.0 15.1 31 

3 7.31 4.7 15. l 31 

1.6 1 8.03 5.8 15.9 32 7.49 4.7 15.1 31 

2 7.52 4.2 15. l 31 

3 7.51 4. l 15.2 31 

3.1 1 8.03 5.8 15.9 32 7.49 4.0 15. l 31 

2 7.43 4.0 15.2 30 

3 7.51 3.9 15.1 31 

6.25 1 8.03 5.8 15.9 32 7.49 4.1 15.1 31 

2 7.48 4.1 15. l 30 

3 7.47 4.0 15.1 31 

12.5 1 8.04 5.8 15.9 32 7.40 3.9 15.1 31 

2 7.44 3.7 15.1 31 

3 7.51 3.7 15.1 31 

25 1 8.03 5.7 15.9 32 7.44 3.0 15.1 31 

2 7.42 3.1 15.1 31 

3 7.36 3.2 15.0 31 

Min 8.02 5.7 15.9 32 7.20 3.0 15.0 30 

Max 8.04 5.8 15.9 32 7.52 5.7 15.2 31 



APPENDIX TABLE 5 

Citharichthys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 

Concentration Initial % % 

(mg/L) Rep Added Day 1 Survival Survival 

Control 1 5 4 80 
2 5 5 100 

3 5 5 100 93.3 

1.6 1 5 2 40 

2 5 5 100 
3 5 5 100 80.0 

3.1 1 5 5 100 
2 5 5 100 

3 5 5 100 100.0 

6.25 1 5 0 0 
2 5 0 0 
3 5 0 0 0.0 

12.5 1 5 0 0 
2 5 0 0 
3 5 0 0 0.0 

25 1 5 0 0 

2 5 0 0 

3 5 0 0 0.0 



Concentration Day 0 
(%) Rep pH DO NH3 °C Sal 

Control 

0.05 

2 
3 
4 
5 

2 
3 
4 
5 

0.1 l 

2 
3 
4 

s 

0.2 

0.4 

0.8 

2 
3 
4 
5 

2 
3 
4 

5 

2 

3 
4 

5 

1.6 l 
2 
3 
4 

s 

Min 

Max 

8.06 5.4 18.0 32.0 

8.08 5.4 0.13 18.0 32.0 

8.06 5.4 0.25 18.0 32.0 

8.04 5.2 0.61 18.0 32.0 

8.02 5.2 1.17 18.0 32.0 

7.92 5.3 3.62 19.9 32.0 

7.88 5.2 7.14 20.2 32.0 

7.88 5.2 0.13 18.0 32.0 
8.08 5.4 7 .14 20.2 32.0 

Note: - = All animals dead. 

APPENDIX TABLE 6 

Mysidopsis bahia 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-1 

Day l 
pH DO NH3 °C Sal 

8.14 
8.13 
8.16 
8.16 
8.15 

8.14 
8.15 
8.13 
8.10 
8.04 

8.02 
7.92 
7.99 
8.00 
8.02 

7.91 
7.75 
7.58 
7.76 
7.81 

7.83 
7.87 
7.73 
7.79 
7.91 

7.62 
7.70 
7.61 
7.82 
759 

7.61 
7.67 
7.68 
7.51 
7.70 

5.2 <0.01 19.6 32.0 
5.2 19.9 32.0 
5.1 19.7 32.0 
5.2 19.7 32.0 
5.2 19.7 32.0 

5.2 0.12 19.8 32.0 
5.2 19.8 32.0 
5.2 19.6 32.0 
5.0 19.6 32.0 
5.1 19.5 32.0 

5.0 0.19 19.6 32.0 
5.0 19.6 32.0 
4.9 I 9 .5 32.0 
5.0 19.4 32.0 
5.0 19.3 32.0 

5.0 0.38 19.6 32.0 
4.4 19.1 32.0 
3.8 19.0 32.0 
4.2 18.9 32.0 
4.4 19.0 32.0 

4.2 0.71 19.5 32.0 
4.6 19.5 32.0 
3.8 19.5 32.0 
4.8 19.4 32.0 
4.4 19.4 32.0 

3.8 1.52 19.5 32.0 
3.4 195 32.0 
3.4 19.4 32.0 
3.8 19.4 32.0 
3.0 19.4 32.0 

1.4 3.27 19.6 32.0 
1.8 19.4 32.0 
1.8 18.6 32.0 
0.4 19.1 32.0 
2.4 18.9 32.0 

7.51 0.4 <0.01 18.6 32.0 
8.16 5.2 3.27 19.9 32.0 

Day 2 

pH DO NH3 °C Sal 

8.11 
8.08 
8.12 
8.12 
8.11 

8.13 
8.14 
8.11 
8.11 
8.08 

8.09 
8.03 
8.10 
8.10 
8.IO 

5.1 
5.2 
5.4 
5.4 
5.5 

19.8 33.0 
20.1 33.0 
20.2 33.6 
20.2 33.3 
20.2 33.l 

5.4 0.14 20.1 33.6 
5.6 20.2 32.7 
5.6 20.2 32.8 
5.6 20. l 32.3 
5.5 20. l 32.4 

5.4 0.29 20.2 33. l 
5.4 20.J 331 
5.3 19.9 33.0 
5.3 19.9 33.3 
53 19.9 33.5 

8.11 5.4 0.38 20.0 32.6 
8.07 5.4 19.6 36.0 
8.04 5.5 19.5 35.2 
8.06 5.5 19.6 35.6 
8.07 5.4 19.5 35.0 

8.16 
8.18 
8.19 
8.17 
8.19 

5.4 0.74 19.9 32.9 
5.4 19.9 32.9 
5.2 19.9 33.0 
5.1 19.9 32.9 
5.1 19.9 33.0 

8.22 5.3 1.38 19 .9 33.2 
32.4 
33.2 
32.9 
33.0 

8.21 5.2 19.9 
8.19 5.1 19.9 
8.22 5.0 19.9 
8.24 5.0 19.9 

8.25 
8.25 
8.15 
8.24 
8.19 

5.2 3.45 20.1 32.7 
5.1 19.9 32.9 
5.0 19.5 34.4 
5.0 19.6 32.4 
5.0 19.4 36.1 

8.03 5.0 0.14 19.4 32.3 
8.25 5.6 3.45 20.2 36.1 

Day 3 
pH DO NH3 °C Sal 

8.11 
8.07 
8.11 
8.14 
8.11 

8.13 
8.15 
8.13 
812 
8.06 

8.06 
8.02 
8.13 
8.10 
8.16 

8.14 
8.05 
8.04 
8.05 
8.11 

8.20 
8.20 
8.20 
8.15 
8.20 

4.6 <0.10 21.7 33.9 
4.6 21.6 33.6 
4.5 21.6 34.7 
4.5 21.6 33.9 
4.5 21.5 34.0 

4.5 0.13 21.7 34.8 
4.4 21.6 33.6 
4.5 21.6 33.6 
4.5 21.4 32.8 
4.5 21.3 33.3 

4.6 0.23 21.7 33.9 
4.4 21.5 34.1 
4.4 21.3 35.0 
4.5 21.2 34.7 
4.6 21.1 35.4 

4.8 0.41 215 34.2 
4.6 20.9 41.l 
4.5 20.7 38.7 
4.5 20.9 38.3 
4.5 20.9 35.9 

4.6 
4.6 
4.6 
4.5 
4.5 

0.82 21.4 34.0 
21.0 33.7 
21.2 33.8 
21.2 33.5 
21.0 33.6 

8.23 4.6 
8.21 4.5 
8.19 4.4 
8.23 4.4 
8.23 4.4 

1.42 21.3 33.9 
21.2 33.5 
21.1 34.0 
21.2 34.0 
21.2 34.0 

8.23 
8.22 

8.12 

4.6 3.27 21.3 33.8 
4.5 21.1 33.7 

4.5 20.6 40.8 

8.02 4.4 <O.IO 20.6 32.8 
8.23 4.8 3.27 21.7 41.1 

Day4 
pH DO NH3 •c Sal 

8.08 
8.07 
8.09 
8.12 
8.10 

8.12 
8.13 
8.14 
8.12 
8.IO 

8.12 
8.10 
8.13 
8.10 
8.09 

4.9 <0.10 21.l 34.1 
5.1 21.l 34.1 
5.1 21.1 34.0 
5.0 21.0 33.8 
4.9 21.0 34.1 

5.0 0.13 20.9 34.1 
5.0 21.1 34. I 
5.1 21.1 34.3 
5.1 20.0 34.2 
5.0 20.0 34.0 

5.0 0.24 21.0 35.1 
5.1 21.0 35.0 
4.9 20.9 35.1 
5.0 20.9 35.1 
5.0 20.9 35.7 

8.18 4.9 0.52 21.0 34.8 
8.21 5.0 21.0 41.2 
8.20 5.0 21.1 38.7 
8.17 5.1 
8.17 5.l 

8.21 
8.18 
8.19 
8.21 
8.21 

8.22 
8.22 
8.21 
8.27 
8.24 

5.1 
5.2 
5.1 
5.1 
5.l 

5.1 
5.0 
5.0 
5.1 
5.0 

8.28 4.9 
8.24 4.9 

8.31 5.0 

21.0 38.9 
21.0 36.2 

1.09 20.9 34.8 
20.9 34.0 
20.9 33.9 
20.8 33.9 
20.8 33.9 

1.53 21.0 34.1 
2!.1 34.2 
2L0 34.7 
21.0 34.7 
21.0 34.2 

3.12 21.l 34.1 
21.! 34.2 

20.9 33.9 

8.07 4.9 <0.10 20.0 33.8 
8.31 5.2 3.12 21.1 41.2 



Concentration Day 0 
(%) Rep pH DO NH3 °C Sal 

Control 

0.05 

2 

3 

4 

s 

2 

3 

4 
s 

0.1 1 
2 

3 

4 

s 

8.06 5.4 18.0 32.0 

8.04 5.2 0.13 19.9 32.0 

8.05 5.2 0.25 19.6 32.0 

APPENDIX TABLE 6 (Cont'd) 

Mysidopsis bahia 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 
HSW-2 

Day 1 Day 2 Day 3 

pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal 

8.14 
8.13 
8.16 
8.16 
8.15 

8.00 
7.97 

5.2 <0.01 19.6 32.0 
5.2 19.9 32.0 
5.1 19.7 32.0 
5.2 19.7 32.0 
5.2 19.7 32.0 

5.0 0.1 I 19.2 32.0 
4.8 19.1 32.0 

8.11 
8.08 
8.12 
8.12 
8.11 

8.11 
8.09 

5.1 
5.2 
5.4 

5.4 

5.5 

19.8 33.0 
20.1 33.0 
20.2 33.6 
20.2 33.3 
20.2 33.1 

4.9 0.12 19.9 32.7 
4.9 19.6 33.0 

8.11 
8.07 
8.11 
8.14 
8.11 

4.6 <0.10 21.7 33.9 
4.6 21.6 33.6 
4.5 21.6 34.7 
4.5 21.6 33.9 
4.5 21.5 34.0 

8.12 4.6 0.12 21.1 33.6 
8.08 4.5 20.9 33.7 

Day4 
pH DO NH3 °C Sal 

8.08 
8.07 
8.09 
8.12 
8.10 

8.18 
8.19 

4.9 <0.10 21.1 34.1 
5.1 21.1 34.l 
5.1 21.1 34.0 
5.0 21.0 33.8 
4.9 21.0 34.1 

5.0 0.11 21.0 34.1 
5.1 21.1 34.2 

7.96 4.8 
7.96 4.8 
8.03 4.9 

18.9 32.0 8.07 4.8 19.4 34.0 8.06 4.4 20.6 34.7 8.22 5.1 21.1 34.1 
21.1 34.1 
21.0 34.2 

18.6 32.0 8.08 4.8 19.2 34.2 8.05 4.4 
18.6 32.0 8.09 4.8 19.3 34.4 8.04 4.5 

8.00 
7.97 

5.0 0.18 19.1 32.0 
5.0 19.1 32.0 

8.12 
8.15 

4.9 0.16 19.6 34.7 
5.0 19.6 34.6 

8.15 
8.15 

4.4 
4.5 

8.01 5.0 
7.97 4.9 
8.07 4.9 

18.9 32.0 8.15 4.9 
18.8 32.0 8.15 4.9 
18.7 32.0 8.17 5.0 

19.4 35.4 8.15 4.6 
19.4 35.2 8.14 4.4 
19.3 34.6 8.18 4.4 

20.4 35.8 8.21 5.1 
20.4 36.6 8.19 5.0 

0.17 20.9 36.0 
20.7 33.7 

8.19 
8.20 

5.0 

5.0 
20.5 34.7 8.16 5.0 

20.3 36.0 8.17 5.0 

20.2 39.0 8.19 5.0 

0.17 21.0 36.3 
21.1 36.4 
21.1 34.7 
21.1 35.2 
21.1 39.7 

0.2 7.96 5.2 0.61 20.1 32.0 7.74 4.4 0.57 19.0 32.0 8.16 5.0 0.30 18.7 31.8 8.14 4.4 0.32 19.4 32.5 8.21 5.0 0.39 21.1 33.4 

2 
3 

4 

s 

0.4 1 
2 

3 

4 

s 

7.92 5.2 1.17 20.2 32.0 

7.78 4.6 
7.81 4.5 
7.85 4.6 
7.81 4.6 

19.1 32.0 8.15 4.9 18.7 32.5 8.13 4.5 

7.76 
7.75 
7.59 
7.73 
7.80 

18.9 32.0 8.14 5.0 18.6 32.4 8.15 4.4 

18.8 32.0 8.16 5.0 18.4 32.4 8.16 4.4 

18.6 32.0 8.15 5.0 18.4 33.7 8.15 4.5 

3.6 1.08 19.1 31.0 
3.6 19.1 32.0 
1.8 18.7 32.0 
3.4 18.6 32.0 
3.6 18.6 32.0 

8.15 
8.16 
8.14 
8.16 
8.16 

5.0 1.10 18.9 31.5 
5.0 18.6 33.9 
5.0 18.4 34.1 
5.0 18.4 33.7 
5.0 18.5 33.8 

8.19 4.6 
8.14 4.5 
8.10 4.4 
8.14 4.3 
8.16 4.3 

19.4 32.8 8.09 5.1 
19.2 32.9 8.21 4.9 
19.1 33.7 8.23 4.9 
19.1 35.1 8.16 5.1 

1.20 19.5 32.4 
19.5 35.9 
19.2 36.5 
19.2 35.1 
19.2 35.6 

8.23 
8.18 
8.19 
8.19 
8.22 

5.1 
5.1 
5.1 
5.0 

5.0 

21.0 34.2 
21.0 34.I 
21.0 34.1 
21.1 34.2 

1.16 21.1 33.7 
21.1 36.2 
21.1 37.0 
21.1 36.1 
21.1 36.I 

0.8 7.79 5.2 3.62 20.2 32.0 7.52 1.2 2.17 19.0 32.0 
2 
3 
4 
s 

1.6 1 
2 

3 

4 
s 

7.67 5.0 7.14 20.0 32.0 

7.61 1.8 
7.54 2.2 
7.71 2.2 
7.66 2.6 

19.0 32.0 
18.9 32.0 
18.9 32.0 
18.9 32.0 

7.58 
7.39 
7.46 

2.8 4.43 19.0 32.0 
2.6 18.9 32.0 
1.4 18.9 32.0 

7.38 1.6 
7.49 1.6 

18.9 32.0 
18.9 32.0 

Min 7.67 5.0 0.13 18.0 32.0 7.38 1.2 <0.01 18.6 31.0 8.07 4.8 0.12 18.4 31.5 8.04 4.3 <0.10 19.1 32.4 8.07 4.9 <0.10 21.0 33.4 

Max 8.06 5.4 7.14 20.2 32.0 8.16 5.2 4.43 19.9 32.0 8.17 5.5 I.JO 20.2 35.4 8.19 4.6 1.20 21.7 39.0 8.23 .5.1 1.16 21.1 39.7 

Note: - = All animals dead. 



APPENDIX TABLE 7 

Mysidopsis bahia 
SURVJV AL DAT A FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

Control 1 IO 10 10 9 10 100 
2 10 10 10 IO 9 90 
3 10 10 10 9 9 90 
4 IO 10 IO 10 9 90 
5 10 10 10 10 9 90 92.0 

0.05 1 10 9 9 9 9 90 
2 10 10 10 9 g 80 
3 10 10 g 8 7 70 
4 10 9 7 7 6 60 
5 10 IO 9 8 9 90 78.0 

0.1 1 10 6 5 2 6 60 
2 10 10 9 5 8 80 
3 10 8 8 7 6 60 
4 10 8 6 7 8 80 
5 10 9 8 8 6 60 68.0 

0.2 1 10 9 8 4 7 70 
2 10 8 7 5 7 70 
3 10 9 7 7 8 80 
4 10 9 8 7 8 80 
5 10 IO 9 8 8 80 76.0 

0.4 1 10 8 7 5 6 60 
2 10 8 7 6 6 60 
3 IO 8 8 6 6 60 
4 10 8 7 7 8 80 
5 10 10 9 8 7 70 66.0 

0.8 1 10 5 * * 3 30 
2 IO 4 * * 3 30 
3 IO 6 * * 3 30 
4 IO 4 * * 3 30 
5 10 3 * * 0 0 24.0 

1.6 1 10 3 * * 0 0 
2 10 2 * * 0 0 
3 10 0 0 
4 10 0 0 
5 10 * * 0 0 0.0 

Notes: = All animals dead. 
* Sample too turbid to do counts. 



APPENDIX TABLE 7 (Cont'd) 

Mysidopsis bahia 

SURVIVAL DATA FOR EFFLUENT TEST 
HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 IO IO 10 9 10 100 

2 10 IO 10 IO 9 90 

3 10 IO 10 9 9 90 

4 10 IO 10 10 9 90 

5 IO IO IO 10 9 90 92.0 

0.05 1 10 IO 10 IO 9 90 
2 IO 9 9 8 6 60 

3 IO IO 9 8 7 70 

4 IO 8 8 8 5 50 

s IO 9 8 8 6 60 66.0 

0.1 1 10 7 7 7 6 60 

2 10 8 7 5 4 40 

3 10 7 6 4 7 70 

4 10 8 7 4 4 40 

s IO 7 7 6 3 30 48.0 

0.2 1 IO 6 4 2 2 20 

2 IO 5 5 4 2 20 

3 IO 6 6 3 5 50 

4 IO 6 6 4 6 60 

s 10 5 4 2 4 40 38.0 

0.4 1 10 5 * * IO 

2 IO 3 * * 2 20 

3 10 4 * * 1 IO 

4 IO 3 * .. 0 0 

5 10 3 * .. 0 0 8.0 

0.8 1 10 0 0 

2 10 0 0 

3 10 0 0 

4 10 0 0 

5 IO 0 0 0.0 

1.6 1 10 0 0 

2 10 0 0 

3 IO 0 0 

4 10 0 0 

5 IO 0 0 0.0 

Notes: - = All animals dead. 
* Sample too turbid to do counts. 



APPENDIX TABLE 8 

Mysidopsis bahia 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 Day 2 Day3 Day4 
(mg/L) Rep pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal 

Control 1 8.03 5.6 20.9 32.0 8.00 4.8 21.2 32.0 7.67 5.4 21.6 33.0 7.90 3.8 21.6 33.9 7.93 4.1 21.1 34.0 
2 8.02 4.8 21.2 32.0 7.72 5.4 21.5 33.0 7.91 3.7 21.6 30.9 7.94 4.0 21.1 34.1 
3 8.03 4.8 21.3 32.0 7.70 5.3 21.6 33.0 7.90 3.8 21.8 33.8 7.94 4.0 21.1 34.2 

1.25 1 8.04 5.4 20.9 32.0 8.00 4.8 21.3 32.0 7.58 5.2 21.6 33.0 7.90 3.6 21.8 33.8 7.94 4.0 20.9 34.1 
2 8.02 4.8 21.2 32.0 7.54 5.1 21.6 33.0 7.93 3.5 21.8 33.7 7.93 4.0 21.0 34.3 
3 8.03 4.8 21.2 32.0 7.38 5.1 21.6 33.0 7.95 3.5 21.7 33.8 7.95 3.9 21.0 34.7 

2.5 1 8.04 5.4 20.9 32.0 8.01 4.8 21.3 32.0 7.62 5.1 21.6 33.0 7.96 3.6 21.8 33.8 7.99 3.9 20.9 34.1 
2 8.02 4.8 21.1 32.0 7.42 5.1 21.6 33.0 7.93 3.6 21.8 33.6 7.92 3.8 20.9 34.0 
3 8.02 4.6 21.1 32.0 7.47 5.0 21.6 33.0 7.93 3.6 21.7 33.9 7.91 3.8 21.0 33.9 

5 1 8.04 5.4 21.1 32.0 8.00 4.8 21.1 32.0 7.32 4.7 21.6 33.0 7.98 3.7 21.8 33.1 7.92 3.8 21.0 33.8 
2 8.00 4.7 21.1 32.0 7.38 4.8 21.6 33.0 7.92 3.5 21.8 33.0 7.92 3.9 21.0 33.7 
3 7.98 4.7 21.1 32.0 7.31 4.6 21.5 33.0 7.92 3.5 21.8 33.9 7.91 3.9 21.0 33.9 

10 1 8.03 5.4 21.2 32.0 7.91 4.6 21.2 32.0 7.30 4.1 21.5 33.0 7.86 3.6 21.9 33.7 7.89 3.9 20.9 34.0 
2 7.91 4.5 21.2 32.0 7.31 4.2 21.5 33.0 7.88 3.6 21.9 33.8 7.89 3.9 20.9 33.9 
3 7.91 4.3 21.2 32.0 7.31 4.2 21.6 33.0 7.87 3.6 22.0 33.6 7.91 3.9 21.0 34.1 

20 1 8.02 5.3 20.8 32.0 7.85 4.4 20.9 32.0 7.20 4.0 21.6 33.0 7.78 3.7 21.8 33.4 7.90 3.9 21.0 33.9 
2 7.85 4.4 20.9 32.0 7.21 4.0 21.6 33.0 7.75 3.8 21.8 33.4 7.88 3.8 21.0 33.4 
3 7.86 4.2 20.9 32.0 7.21 4.0 21.5 33.0 7.78 3.8 21.8 33.2 7.88 3.9 21.0 33.9 

Min 8.02 5.3 20.8 32.0 7.85 4.2 20.9 32.0 7.20 4.0 21.5 33.0 7.75 3.5 21.6 30.9 7.88 3.8 20.9 33.4 
Max 8.04 5.6 21.2 32.0 8.03 4.8 21.3 32.0 7.72 5.4 21.6 33.0 7.98 3.8 22.0 33.9 7.99 4.1 21.1 34.7 



APPENDIX TABLE 9 

Mysidopsis bahia 
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 10 10 10 9 9 90 
2 10 10 10 10 9 90 
3 IO 10 10 9 9 90 90.0 

1.25 1 10 9 9 8 7 70 
2 10 10 9 6 6 60 
3 10 9 8 8 8 80 70.0 

2.5 1 10 9 8 6 5 50 
2 10 10 8 6 6 60 
3 10 10 8 6 6 60 56.7 

5 1 10 11 9 5 5 50 
2 10 9 7 5 4 40 
3 10 10 9 7 5 50 46.7 

10 1 10 10 9 7 5 50 
2 10 9 9 4 4 40 
3 10 9 7 5 5 50 46.7 

20 1 10 7 5 3 2 20 

2 10 10 8 7 5 50 
3 10 10 8 5 4 40 36.7 



APPENDIX TABLE 10 

Strongylocentrotus purpuratus 
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 

Test Dates: 4n-4/11/94 

Concentration Day 0 Day 1 Day2 Day 3 Day4 
Site (%) ·c DO pH Sal ·c DO pH Sal ·c DO pH Sal ·c DO pH Sal oc DO pH Sal 

Control 16.3 8.0 7.49 26 15.1 8.7 7.77 27 16.2 8.4 7.87 26 15.4 8.4 7.79 26 15.7 8.2 7.89 27 

HSW-1 0.08 16.0 8.1 7.42 26 14.5 8.6 7.62 27 15.6 8.4 7.86 26 15.6 7.7 7.84 26 15.9 8.1 7.88 26 
0.15 16.0 8.0 7.43 27 14.5 6.6 7.51 27 15.5 7.4 7.80 27 15.6 6.5 7.80 27 15.7 8.1 7.85 27 

0.3 16.2 8.0 7.83 29 14.5 4.5 7.54 29 15.7 2.2 7.59 28 15.5 3.0 7.47 28 15.8 7.8 7.65 29 
0.6 16.2 8.0 7.51 26 14.5 4,1 7.51 27 15.9 2.3 7.56 26 15.6 2.7 7.49 26 15.7 7.4 7.93 27 
1.2 16.4 8.0 7.62 26 14.5 1.5 7.10 29 15.6 1.3 7.46 28 15.7 1.7 7.51 27 15,1 7.4 7,97 29 

HSW-2 0.08 16.2 8.0 7.33 26 14,5 1.2 7.41 27 15,3 7.7 7.93 27 15.6 7.9 7.80 27 15.2 7.6 7.95 27 
0.15 16.4 8.0 7.34 27 14.5 1.6 7.42 27 15.5 7.7 7.96 27 15.7 7.3 7.77 27 15,0 7.8 7.95 27 

0.3 16.4 8.0 7.21 27 14.5 1.3 7.45 27 15.6 7.8 7.82 27 15.6 6.9 7.79 27 15.0 7.8 7.97 27 
0.6 16.0 8.0 7.21 26 15.7 1.3 7.42 27 16.2 3.0 7.52 27 15.7 2.7 7.47 27 16.2 6,6 7.71 27 
1.2 16.2 7.9 6.87 26 15.7 1.3 7.10 27 16.1 1.4 7.42 27 15.7 1.7 7.38 27 16.2 6.4 7.63 27 

Min 16.0 7.9 6.87 26 14.5 1.2 7.10 27 15.3 1.3 7.42 26 15.4 1.7 7.38 26 15.0 6.4 7.63 26 
Max 16.4 8.1 7.83 29 15.7 8.7 7.77 29 16.2 8.4 7.96 28 15.7 8.4 7.84 28 16.2 8.2 7.97 29 



Concentration 

(o/,) 0 

Initial Counts 

Final Control 

HSW-1 
0.08 

0.15 

0.3 

0.6 

1.2 

APPENDIX TABLE 11 

Strongylocentrotus purpuratus 

SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE 

EFFLUENT TEST 

Total 

R ep N I onna 

I 156 

2 136 

3 141 

4 168 

5 137 

Mean 

I 95 

2 59 

3 !09 

4 94 

5 90 

Mean 

I 45 

2 63 

3 66 

4 76 

5 78 

Mean 

I 0 
2 0 

3 0 
4 0 

5 0 

Mean 

I 0 
2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 
Mean 

Test Dates: 4n-4/ll/94 

Total Total 

Ab al nonn L e/mL arva 0 UrYJVa 0 o/, S . 1 o/, Ab nonna 

31.2 

27.2 

28.2 

33.6 

27.4 

29.5 

14 21.8 12.8 

4 12.6 6.3 

7 23.2 6.0 

I 19.0 I.I 

2 18.4 2.2 

19.0 64.4 5.7 

32 15.4 41.6 

53 23.2 45.7 

43 21.8 39.4 

38 22.8 33.3 

40 23.6 33.9 

21.4 72.4 38.8 

79 15.8 IO0.0 

48 9.6 100.0 

44 8.8 100.0 

89 17.8 100.0 

99 19.8 IO0.0 

14.4 48.7 100.0 

50 IO.0 100.0 

53 I0.6 100.0 

57 11.4 100.0 

84 16.8 100.0 

58 11.6 100.0 

12.1 40.9 100.0 

66 13.2 100.0 

85 17.0 100.0 

74 14.8 100.0 

112 22.4 100.0 

57 11.4 !00.0 

15.8 53.4 !00.0 

106 21.2 100.0 

115 23.0 100.0 

92 18.4 100.0 

60 12.0 100.0 

114 22.8 100.0 

19.5 66.0 100.0 

Treatment 

Mortality 
( o/,) 0 

NA 

0.0 

24.4 

36.4 

17.1 

IO0.0 



Concentration 
(o/,) 0 

HSW-2 

0.08 

0.15 

0.3 

0.6 

1.2 

APPENDIX TABLE 11 (Cont'd) 

Strongylocentrotus purpuratus 

SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARY AE 

EFFLUENT TEST 

Total 

R ep N 1 orma 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

1 0 

2 0 

3 0 

4 0 

5 0 

Mean 

Test Dates: 4n-4/ll/94 

Total Total 
Abnormal e/ L Larva m % Survival 

63 12.6 

61 12.2 

39 7.8 

36 7.2 

58 11.6 

10.3 34.8 

IOI 20.2 

112 22.4 

129 25.8 

122 24.4 

130 26.0 

23.8 80.5 

89 17.8 

128 25.6 

119 23.8 

119 23.8 

91 18.2 

21.8 74.0 

116 23.2 

119 23.8 

113 22.6 

79 15.8 

104 20.8 

21.2 72.0 

76 15.2 

87 17.4 

92 18.4 

88 17.6 

76 15.2 

16.8 56.8 

o/, b o A norma 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Treatment 

Mortality 
(o/,) 0 

45.9 

0.0 

0.0 

0.0 

11.8 



APPENDIX TABLE 12 

Strongylocen/rotus purpuralus 
WATER QUALITY MEASUREMENTS FOR THE REFERENCE TO XI CANT (COPPER) TEST 

Test Dates: 4n-4/ll/94 

Concentration Day0 Day 1 Day2 Day3 Day4 
(µg/L) oc DO pH Sal oc DO pH Sal oc DO pH Sal oc DO pH Sal oc DO pH Sal 

I 

0.1 15.6 8.9 7.88 29 14.3 NT NT NT 14.2 8.1 7.97 29 14.4 8.4 8.01 29 15.0 7.6 7.98 29 
0.32 15.8 8.9 7.90 29 14.3 NT NT NT 14.2 8.1 8.00 29 14.4 8.4 8.04 29 15.0 7.7 7.99 29 

1.8 15.8 8.9 7.92 29 14.4 NT NT NT 14.3 8.3 8.02 29 14.5 8.3 8.06 29 14.9 7.9 8.00 29 
18 15.8 9.1 7.80 28 14.3 NT NT NT 14.2 8.3 8.01 28 14.5 8.3 8.06 29 15.0 7.9 8.00 29 
56 15.8 9.1 7.86 26 14.4 NT NT NT 14.2 8.6 8.02 25 14.5 8.3 8.06 29 15.0 8.0 8.01 25 

Min 15.6 8.9 7.80 26 14.3 14.2 8.1 7.97 25 14.4 8.3 8.01 29 14.9 7.6 7.98 25 
Max 15.8 9.1 7.92 29 14.4 14.3 8.6 8.02 29 14.5 8.4 8.06 29 15.0 8.0 8.01 29 

Note: NT = Not taken. 



Concentration 

(uwL) 

Copper 

0.1 

0.32 

1.8 

18 

56 

APPENDIX TABLE 13 

Strongylocentrotus purpuratus 

SUMMARY OF SURVIVAL j\ND DEVELOPMENT FOR THE ECHINODERM LARVAE 

REFERENCE TOXICANT (Copper) TEST 

Total 
Rep Normal 

I 78 

2 86 

3 86 

Mean 

1 26 

2 33 

3 96 

Mean 

I 69 

2 60 

3 96 

Mean 

1 3 

2 0 

3 0 

Mean 

1 0 

2 0 

3 0 

Mean 

Test Dates: 4n-4/ll/94 

Total Total 

Abnormal Larvae/mL % Survival 

14 18.4 

19 21.0 

12 19.6 

19.7 66.7 

1 5.4 

1 6.8 

0 19.2 

l0.5 35.5 

4 14.6 

2 12.4 

4 20.0 

15.7 53.1 

51 10.8 

31 6.2 

28 5.6 

7.5 25.5 

38 7.6 

24 4.8 

48 9.6 

7,3 24.9 

% Abnormal 

15.2 

18.1 

12.2 

15.2 

3.7 

2.9 

0.0 

2.2 

5.5 

3.2 

4.0 

4.2 

94.4 

100.0 

100.0 

98.1 

l00.0 

100.0 

100.0 

100.0 

Treatment 

Mortality 
(%) 

0.0 

44.9 

17.5 

60.4 

61.4 



APPENDIX TABLE 14 

Mytilus edulis 

WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST 

Test Dates: 4n-419/94 

Concentration Day0 Day 1 Day2 

(%) Rep oc DO pH Sal oc oc DO pH Sal 

Control 1 16.3 8.0 7.49 26 14.8 16.0 7.2 7.79 26 

2 14.6 16.0 7.2 7.82 26 

3 14.5 16.0 7.5 7.82 26 

4 14.7 16.0 7.5 7.88 26 

5 14.8 16.0 7.6 7.96 26 

HSW-1 

0.08 16.0 8.1 7.42 26 14.5 16.0 7.6 7.68 26 

2 14.5 16.0 7.5 7.65 26 

3 14.4 16.1 7.3 7.67 26 

4 14.5 16.0 7.2 7.66 26 

5 14.5 16.1 7.1 7.66 26 

0.15 1 16.0 8.0 7.43 27 14.5 16.0 4.0 7.46 26 

2 14.4 16.0 4.0 7.40 26 

3 14.4 16.0 3.8 7.38 26 

4 14.4 16.0 3.8 7.38 26 

5 14.5 16.0 3.6 7.40 26 

0.3 1 16.2 8.0 7.83 29 14.4 16.0 2.0 7.44 28 

2 14.5 16.0 2.0 7.52 28 

3 14.5 16.0 1.8 7.54 28 

4 14.4 16.0 1.8 7.56 28 

5 14.5 16.0 1.5 7.55 28 

0.6 16.2 8.0 7.51 26 14.5 16.0 1.6 7.56 26 

2 14.5 16.0 1.7 7.58 26 

3 14.5 16.0 1.7 7.60 26 

4 14.6 16.1 2.1 7.61 26 

5 14.5 16.1 2.0 7.60 26 

1.2 16.4 8.0 7.62 26 14.4 16.0 4.2 7.62 26 

2 14.5 16.0 4.4 7.67 26 

3 14.5 16.0 4.3 7.64 26 

4 14.5 16.1 4.5 7.67 26 

5 14.5 16.1 4.6 7.83 26 

Min 16.0 8.0 7.42 26 14.4 16.0 1.5 7.38 26 

Max 16.4 8.1 7.83 29 14.8 16.1 7.6 7.96 28 



APPEJ'l.1)IX TABLE 14 (Cont'd) 

Mytilus edulis 

WATER QUALITY MEASUREI\,IENTS FOR THE EFFLUENT TEST 

Test Dates: 4n-4/9/94 

Concentration Day0 Day 1 Day2 

(%) Rep oc DO pH Sal oc oc DO pH Sal 

HSW-2 

0.08 16.2 8.0 7.33 26 14.5 16.0 7.4 7.93 26 

2 14.6 16.0 7.7 7.92 26 

3 14.5 16.0 7.5 7.95 26 

4 14.5 16.1 7.5 7.97 26 

5 14.5 16.1 7.6 7.98 27 

0.15 16.4 8.0 7.34 27 14.5 16.0 7.8 7.91 26 

2 14.5 16.0 8.0 7.94 26 

3 14.4 16.1 8.0 7.94 26 

4 14.5 16.1 7.9 7.86 26 

5 14.5 16.1 7.7 7.85 26 

0.3 16.4 8.0 7.21 27 14.5 16.0 7.7 7.83 26 

2 14.5 16.0 7.7 7.86 26 

3 14.5 16.0 7.7 7.77 26 

4 14.5 16.1 7.6 7.59 26 

5 14.5 16.1 7.2 7.62 26 

0.6 1 16.0 8.0 7.21 26 14.5 16.0 1.7 7.56 26 

2 14.6 16.1 1.7 7.53 26 

3 14.5 16.1 1.8 7.51 26 

4 14.6 16.1 1.8 7.51 26 

5 14.5 16.1 1.8 7.50 26 

1.2 1 16.2 7.9 6.87 26 14.5 16.0 2.0 7.47 26 

2 14.5 16.1 1.7 7.37 26 

3 14.5 16.1 1.6 7.39 26 

4 14.5 16.1 2.0 7.42 26 

5 14.5 16.1 2.0 7.45 26 

Min 16.0 7.9 6.87 26 14.4 16.0 1.6 7.37 26 

Max 16.4 8.0 7.34 27 14.6 16.1 8.0 7.98 27 



Concentration 
(o/,) D 

Initial Counts 

Final Control 

HSW-1 
0.08 

0.15 

0.3 

0.6 

1.2 

R ep 
I 
2 
3 
4 
5 

Mean 

1 
2 
3 
4 
5 

Mean 

I 
2 
3 
4 
5 

Mean 

1 
2 
3 
4 
5 

Mean 

I 
2 
3 
4 

5 
Mean 

I 
2 
3 
4 
5 

Mean 

I 
2 
3 
4 

5 
Mean 

APPENDIX TABLE 15 

Mytilus edulis 

SUJ\.1MARY OF RESULTS FOR BIVALVE LARVAE BIOASSAY 

Test Dates: 4/7-4/9/94 

Total 
N I orma 

129 
95 
102 
76 
115 

103 
97 
86 
83 
106 

22 
2 
0 
0 
5 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Total 
Ab norma 

13 
3 
5 
5 
7 

61 
78 
72 
77 
67 

74 
76 
64 
86 
61 

139 
120 
133 
91 
82 

73 
133 
90 
96 
93 

90 
75 
87 
80 
91 

Total 
L el L arva m 0 urviva o/. S • I 'il Ab D norma 

25.8 
19.0 
20.4 
15.2 
23.0 
20.7 

23.2 11.2 

20.0 3.0 

18.2 5.5 

17.6 5.7 

22.6 6.2 

20.3 98.2 6.3 

16.6 73.5 

16.0 97.5 

14.4 100.0 

15.4 100.0 

14.4 93.1 

15.4 74.2 92.8 

14.8 100.0 

15.2 100.0 

12.8 100.0 

17.2 100.0 

12.2 100.0 

14.4 69.8 100.0 

27.8 100.0 

24.0 100.0 

26.6 100.0 

18.2 100.0 

16.4 100.0 

22.6 100.0 100.0 

14.6 100.0 

26.6 100.0 

18.0 100.0 

19.2 100.0 

18.6 100.0 

19.4 93.7 100.0 

18.0 100.0 

15.0 100.0 

17.4 100.0 

16.0 100.0 

18.2 100.0 

16.9 81.7 

Treatment 
Mortality 

(o/,) D 

NA 

24.3 

28.9 

0.0 

4.4 

16.7 



Concentration 
('l',) " 

HSW-2 
0.08 

0.15 

0.3 

0.6 

1.2 

R ep 

l 
2 
3 
4 

5 
Mean 

1 
2 
3 
4 
5 

Mean 

l 
2 
3 
4 
5 

Mean 

l 
2 
3 

4 
5 

Mean 

I 
2 
3 
4 
5 

Mean 

APPENDIX TABLE 15 (Cont'd) 

Mytilus edulis 
SUMMARY OF RESULTS FOR BIVALVE LARVAE BIOASSAY 

Test Dates: 4n-4/9/94 

Total 
N I orma 

0 
1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Total 
b A norma 

109 
84 
100 
l lO 
95 

100 
90 
II I 
89 
115 

82 
101 
97 
89 
104 

144 
128 
94 
103 
ll9 

81 
94 
104 
88 
87 

Total 
L e/mL arva o/, s 0 urvival o/t Ab C norma 

21.8 100.0 
17.0 98.8 
20.0 100.0 
22.0 100.0 
19.0 100.0 
20.0 96.4 99.8 

20.0 100.0 
18.0 100.0 
22.2 100.0 
17.8 100.0 
23.0 100.0 
20.2 97.6 100.0 

16.4 100.0 
20.2 100.0 
19.4 100.0 
17.8 IOO.O 
20.8 100.0 
18.9 91.4 100.0 

28.8 100.0 
25.6 100.0 
18.8 100.0 
20.6 100.0 
23.8 100.0 
23.5 100.0 100.0 

16.2 100.0 
18.8 100.0 
20.8 100.0 
17.6 100.0 
17.4 100.0 
18.2 87.7 100.0 

Treatment 
Mortality 

('l',) 0 

1.7 

0.5 

6.8 

0.0 

l0.5 



APPENDIX TABLE 16 

Mytilus edulis 
WATER QUALITY MEASUREMENTS 

FOR THE REFERENCE TOXICANT (COPPER) TEST 

Test Dates: 4n-4/9/94 

Concentration Day0 Day 1 Day2 

µg/L Rep oc DO pH Sal oc oc DO pH Sal 

0.56 1 15.8 9.2 7.91 30 14.3 14.0 7.7 7.95 28 

2 14.3 14.0 7.8 7.96 29 

3 14.3 14.0 7.9 7.96 29 

3.2 15.7 8.9 7.91 29 14.3 14.1 7.9 7.96 28 

2 14.3 14.0 7.9 7.96 29 

3 14.2 14.0 8.1 7.96 29 

10 15.6 8.7 7.92 29 14.3 14.0 8.0 7.96 28 

2 14.4 14.1 8.0 7.97 28 

3 14.3 14.1 8.1 7.97 28 

32 15.6 9.7 7.78 26 14.3 14.0 8.0 7.97 26 

2 14.3 14.1 8.1 7.96 26 

3 14.3 14.1 8.1 7.95 26 

56 15.8 9.1 7.86 26 14.4 14.0 8.3 7.95 25 

2 14.3 14.0 8.1 7.96 25 

3 14.4 14.0 8.1 7.96 25 

Min 15.6 8.7 7.78 26 14.2 14.0 7.7 7.95 25 

Max 15.8 9.7 7.92 30 14.4 14.1 8.3 7.97 29 



Concentration 
(1111"/l) Rep 

0.56 I 
2 
3 

Mean 

3.2 1 
2 
3 

Mean 

10 1 
2 
3 

Mean 

32 I 
2 
3 

Mean 

S6 I 
2 
3 

Mean 

APPENDIX TABLE 17 

Mytilus edulis 

SUMMARY OF RESULTS FOR THE BIVALVE LARVAE 
REFERENCE TOXICANT (COPPER) BIOASSA Y 

Test Dates: 4n-4l9l94 

Total Total Total 
Normal Abnormal Larvae/mL % Survival % Abnormal 

92 5 19.4 5.2 

76 3 15.8 3.8 

86 6 18.4 6.5 
17.9 86.3 5.2 

99 24 24.6 19.5 

95 22 23.4 18.8 
89 17 21.2 16.0 

23.1 100.0 18.1 

88 16 20.8 15.4 

11 91 20.4 89.2 

29 45 14.8 60.8 

18.7 90.2 55.1 

0 34 6.8 100.0 

0 12 2.4 100.0 

0 50 10.0 100.0 

6.4 30.9 100.0 

0 0 0.0 100.0 

0 6 1.2 100.0 

0 13 2.6 100.0 

1.3 6.1 100.0 

Treatment 
Mortality 

(%) 

12.0 

0.0 

8.0 

68.5 

93.8 



Appendix 6 
Laboratory Results Submitted by ABT- Second Test 
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Advanced IB3iological 'll'esting Inc. 

1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia, Mytilus edulis, and Citharichthys stigmaeus 

using high strength wastes (HSW) collected separately from the Stark.is! (HSW-1) and Van 

Camp (HSW-2) tuna canneries in American Samoa. The study was run using methods generally 

specified in EPA 1991 and in a Sampling and Testing Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 

1 



Advanced IBHological 'lfesting Inc. 

2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on October 20, 1994 by personnel from 

the two canneries. Due to shipping and airline scheduling problems, frequently encountered in 

this region, the sample was received by the laboratory on October 24, 1994. A single gallon 

carboy was provided from each cannery and were labeled at ABT as HSW-1 (HSW-SKS Grab) 

and HSW-2 (Pipeline Sludge HS-W2, Van Camp). Samples were maintained in ice-filled coolers 

from the date of sampling until laboratory receipt. The samples were at 2-3°C upon receipt and 

were stored at 4 °C until use. 

2.2 SAMPLE PREPARATION AND TF.sTING METHODS 

2.2.1 Testing on the speckled sanddab, Citharichthys stigmaeus 

In agreement with the EPA regarding the proposed testing concentrations, the high strength 

wastes were tested at six concentrations starting from 2.0% and dropping using a 50% dilution 

factor. The final concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as vol:vol dilutions in 

seawater. The diluent was filtered seawater from San Francisco Bay. The dilutions were brought 

up to the test temperature (17 ± 2°C) and aerated continuously. These effluents have an 

extremely high biological oxygen demand, therefore aeration was carried out from the beginning 

of the test. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/Lin 30 ppt seawater in a 24 hour test. 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on October 24, 1994. 

The test conditions are summarized in Table 1. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily as initial quality on Day 0 

and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 
• 

salinity, total ammonia, and temperature. 

2 



Advanced Iffiiological 'lI'esting Inc. 

2.2.2 Testing on the mysid, Mysidopsis bahia 

In agreement with the EPA regarding the proposed testing concentrations, the high strength 

wastes were tested at six concentrations starting from 2.0% and dropping using a 50% dilution 

factor. The final concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as vol:vol dilutions in 

seawater. The diluent was filtered seawater from San Francisco Bay The dilutions were brought 

up to the test temperature (16 ± 2°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 40, 20, 10, 5, 2.5 and 1.25 mg/L in 30 ppt seawater in a 96 hour test 

The first bioassay was carried out on 7-10 day old larval Mysidopsis bahia, supplied by Aquatox 

from Hot Springs, Arkansas. The animals were received at ABT on November 1, 1994. The test 

conditions for this test are summarized in Table 2. Five replicates of each concentration were 

tested with ten larval mysids per replicate. Water quality was monitored daily as initial quality on 

Day 0 and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, 

salinity, total ammonia, and temperature. 

2.2.3 Bivalve Larval Bioassay 

Test solutions used in the bioassays were prepared using San Francisco Bay seawater at 30 ppt in 

serial dilution (0.5) to create 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% test concentrations for the 

bioassays. The bivalve study was conducted under ASTM 1993 guidelines. 

The reference toxicant for the bivalve larval bioassays was copper sulfate at test concentrations 

of 3.75, 7 .5, 15, 30, and 60 µg/L. 

The bivalve larvae survival and development test was run following methods in ASTM (1993). 

Bay mussels, Mytilus edulis, were obtained from A K. Siewers, Santa Cruz, California. Adults 

were induced to spawn by heat shocking. Released gametes were placed in individual containers 

of filtered seawater and examined for viability. Gametes were mixed and allowed to fertilize for 

up to two hours, under gentle aeration. Fertilized eggs were then separated from sperm and 

debris by filtering the sm;pension at 20 µm. Egg stock density was estimated by counting an 

aliquot of dilute stock concentrate. Equal volumes of concentrate were added to each replicate to 

3 



Advanced Imiological 'II'esting Inc. 

an initial density of 15-30 embryos per mL. Initial stocking density was confirmed by counting a 

5 mL aliquot from at least three control replicates. 

Testing was conducted at 16 ± 2°C under a 14 hour light and 10 hour dark photoperiod. 

Temperature, pH, dissolved oxygen, and salinity were recorded at O and 48 hours; temperature 

was also recorded at 24 hours. Total ammonia in the 2% concentration was 3.6 mg/L at test 

initiation for HSW-1 and 6.1 mg/L for HSW-2. Ammonia was not measured on Day 2. At the 

end of the exposure period, a 5 mL sub-sample was taken from each test replicate and preserved 

with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the total 

number of normal and abnormal larvae were counted. 

Gentle aeration was initiated on Day 0, and continued for the duration of the tests. To assess the 

effects of aeration, an aeration control was run simultaneously. No statistical differences were 

observed between aerated and unaerated controls. 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the testing, the survival data were evaluated statistically using ToxCalc™ to 

determine ECp, NOEC, and LOEC values where appropriate. ToxCalc ™ is a comprehensive 

statistical application that follows standard guidelines for acute and chronic toxicity data 

analysis. Data were evaluated statistically to estimate the LC50 and IC50 values for the tests 

using the Probit or Trimmed Spearman-Karber Method. 

4 



Advanced IBHological 'Iresting Inc. 

3.1 Initial Effluent Quality 

3.0 
RESULTS 

The two High Strength Wastes were tested for basic water quality parameters upon receipt at the 

laboratory. HSW-1 had a dissolved oxygen level of 0.7 mg/L; a pH of 6.53; a salinity of 

23.5 ppt; and a total ammonia level of 480 mg/L. HSW-2 had a dissolved oxygen level of 

0.6 mg/L; a pH of 6.39; a salinity of 14.0 ppt; and a total ammonia level of 350 mg/L. 

3.1 Citharichthys stigmaeus 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained iii all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.35% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity again occurred in the first 24 hours. There was significant 

mortality at 2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC 

was 0.25% and the LOEC was 0.5% 

The LC50 for HSW-2 was 0.37% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity occurred in the first 24 hours. There was significant mortality at 

2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC was 0.25%, 

and the LOEC was 0.5%. 

The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LC50 of 3.9 mg/L, an NOEC of 3.1 mg/L, and an LOEC of 6.25 mg/L. This is the 

third reference toxicant test on Citharichthys at this laboratory, therefore no database has been 

established by this laboratory although the data has been consistent in the 3 - 4 mg/L range. The 

current laboratory mean is 3.92 mg/L. 

5 
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3.2 Mysidopsis bahia 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 1.16%. At 96 hours, there was significant mortality at 2.0 and 1.0% 

concentrations compared to the control. The NOEC was 0.5% and the LOEC was 1.0%. 

The LC50 for HSW-2 was 0.79%. again there was significant mortality at 96 hours in the 2.0 and 

1.0% concentrations compared to the control. The NOEC was 0.5%, and the LOEC was 1.0%. 

The reference toxicant test had an LC50 of 7.27 mg/L, with an NOEC of 1.25 mg/L and an 

LOEC of 2.5 mg/L. This is the third reference toxicant test on Mysidopsis at this laboratory, 

therefore no database has been established. The current mean is 13.5 mg/L. 

3.3 BIVALVE LARVAL BIO ASSAY 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of. 

the test for the highest three concentrations. 

Control survival was acceptable at 100% with 1.4% abnormal development. The LC50 for 

HSW-1 was >2.0%, while the LC50 for HSW-2 was 0.2%. The IC50 for HSW-1 was 0.1% and 

the IC50 for HSW-2 was 0.18%. 

6 
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The LC50 (6.1 µg/L) for the copper sulfate reference toxicant test was within two standard 

deviations gf the laboratory mean of 15.9 µg/L indicating normal to higher sensitivity of the test 

organisms. 

3.5 AMMONIA MEASUREMENTS 

Ammonia in both of the HSW was very high. When measured in a 25% dilution in seawater, 

ammonia levels ranged from 88 to 120 mg/L. When converted to the 100% concentration, the 

ammonia level would be above 350 - 450 mg/L. The un-ionized fraction as NH 3 would range 

from 17 to 24 mg/L at 100% concentration. 

7 
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TABLEl 

Bio~y Procedure And Organism Data 

For the Survival Bioassay 

Using Citharichthys stigmaeus (U.S. EPA 1991) 

Parameter 
Test Species 

Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Citharichthys stigmaeus 

J. Brezina and Associates 

Tamales Bay 

10/25/94 

24 hours 

30 ppt seawater 

12±2°C 

Juveniles, 3-5 cm 1L 

941024-19, -20 

10/20/94 

10/24/94 

One gallon 

4 °C in the dark 

96 hour static acute, renewal at 48 hours 

10/26/94 to 10/30/94 

San Francisco Bay seawater 

17±2°C 

16 L: 8 D 

31 ±2 ppt 

10 L polyethylene chamber 

10 animals/replicate 

5L 

5 

None 

None 

8 
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TABLE2 

Bioassay Procedure And Organism Data 

For the Survival Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 
Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 
Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Mysidopsis bahia 

Aquatox, Arkansas 

11/1/94 

None 

Shipping water 

20±2°C 

7-10 day larvae 

941024-19, -20 

10/20/94 

10/24/94 

Five gallons 

4 °C in the dark 

Acute; static; renewal at 48 hours 

11/1/94 to 11/5/94 

San Francisco Bay seawater 

18 ±2°C 

14 L: 10 D 

30ppt 

lO00mLjars 

10 aninial/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

None 

9 
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TABLE3 

Bioassay Procedure And Organism Data 

For The 48 Hour Bioassay 

Using Larvae of Mytilus edulis (ASTM 1993) 

Parameter 
Test Species 

Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 
Mytilus edulis 

AK. Siewers, Santa Cruz, CA 

10/25//94 

None 

Not applicable 

Not applicable 

Fertilized embryos, 2 hours 

941024-19, -20 

10/20/94 

10/24/94 

One gallon 

4 °C in the dark 

Acute; static; 48 hours 

10/25/94 to 10/27 /94 

San Francisco Bay seawater 

16± 2°c 

16 L: 8 D 

32±2 ppt 

125 mL beakers 

Approximately 30 embryos per mL 

lOOmL 

3 

None 

Chambers were gently aerated with low bubble 

aeration 

10 
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TABLE4 

SUMMARY OF RESULTS 
FOR THE IDGH STRENGTH WASTE BIO ASSAYS 

Species 

Citharichthys stigmaeus 

Mysidopsis bahia 

Mytilus edulis 

Note: 
HSW-1: Starkist 
HSW-2: Van Camp 

Test 

96 hr static 

96 hr static 

48 hr static 

11 

Endpoint HSW-1 

LC50 0.35% 
NOEC 0.25% 
LOEC 0.50% 

LC50 1.16% 
NOEC 0.50% 
LOEC 1.00% 

LC50 >2.0 
IC50 0.10% 

HSW-2 

0.37% 
0.25% 
0.50% 

0.79% 
0.50% 
1.00% 

0.20% 
0.18% 
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TABLES 

SUMMARY OF RESULTS FOR THE REFERENCE TOXICANT TESTS 

CiJharichthys stigmaeus SDS 
Concentration % LCS0 NOEC LOEC 

(mg/L) Survival (mg!L) (mg!L) (mg!L) 

Control 100.0 3.9 3.1 6.25 
1.6 100.0 
3.1 83.3 

6.25 o.o• 
12.5 o.o• 

25 o.o• 

Lab LC50 = 3.92. 

Mysidopsis bahia SDS 
Concentration % LC50 NOEC LOEC 

(mg!L) Survival (mg!L) (mg!L) (mg!L) 

Control 98.0 7.27 1.25 2.5 
0.7 90.0 

1.25 90.0 
2.5 73.3* 

5 83.3* 
10 70.0* 
20 10.0• 
40 o.o• 

Lab LC50 = 13.52. 

Bivalve larvae Copper sulfate 

Mean % 

Concentration Normal Treatment LC50 (%) 

(µg/L) Larvae/mL Mortality (µg/L) Abnormal 

Initial Counts 235 6.1 

Control W/Air 23.5 NA 1.4 

Control WO/Air 22.9 NA 3.8 

3.75 19.0 6.4 1.8 

7.5 2.3* 885 51.9 

15 4.7* 76.7 100 

30 o.o• 100.0 100 

60 o.o• 100.0 100 

• Statistically significant. 

12 



Advanced IBHological "lresting Inc. 
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APPENDIX TABLE 1 

SAMPLE WATER QUALITY 

Total Initial 
pH DO NH3 Salinity 

Sample (units) (mg/L) (mg/L) (ppt) 

HSW-1 6.53 0.7 480 23.5 
HSW-2 6.39 0.6 350 14 



APPENDIX TABLE 2 

Mytilus edulis 
WATER QUALITY MEASUREMENTS FOR TIIE EFFLUENT TEST 

Test Dates: 10/25-10/27/94 

Concentration Day0 Dayl Day2 
(%) Rep pH DO oc Sal oc pH DO oc Sal 

Control 1 8.06 8.8 16.7 32 16.2 8.00 8.8 16.9 32 

W/Air 2 16.3 8.01 8.8 16.9 32 

3 16.2 8.02 8.6 16.9 32 

Control 1 8.06 8.8 16.7 32 16.2 8.09 8.8 16.9 32 

WO/Air 2 16.2 8.11 8.8 16.9 32 

3 16.2 8.13 8.8 16.9 32 

HSW-1 
0.06 1 8.04 8.8 16.8 32 16.3 8.12 8.8 16.9 32 

2 16.2 8.09 8.7 16.9 32 

3 16.2 8.11 8.8 16.9 32 

• 0.125 1 7.99 8.8 16.8 32 163 8.14 8.6 16.9 32 

2 16.2 8.08 8.6 16.9 33 

3 16.2 8.12 8.7 16.9 32 

0.25 1 7.88 8.8 16.7 32 16.2 8.14 8.6 16.9 33 

2 16.2 8.12 8.6 16.9 32 

3 16.3 8.08 8.5 16.9 32 

0.5 1 7.68 8.8 16.6 32 16.2 8.02 6.2 16.9 32 

2 16.2 7.75 6.0 16.9 32 
3 16.2 7.68 6.1 16.9 32 

1 1 7.34 8.8 16.6 32 16.2 8.01 4.8 16.9 32 

2 16.3 8.00 4.9 16.9 32 

3 16.3 7.93 4.8 16.9 32 

2 1 6.96 8.4 16.6 32 16.2 8.04 3.4 16.9 32 

2 16.2 7.99 3.2 16.9 32 

3 16.2 8.05 3.4 16.9 32 

Min 6.96 8.4 16.6 32 16.2 7.68 3.2 16.9 32 

Max 8.06 8.8 16.8 32 16.3 8.14 8.8 16.9 33 



APPENDIX TABLE 2 (Cont'd) 

Mytilus edulis 
WATER QUALITY MEASUREMENI'S FOR THE EFFLUENT TEST 

Test Dates: 4n-4l9194 

Concentration Day0 Dayl Day2 
(%) Rep pH DO oc Sal oc pH DO oc Sal 

HSW-2 
0.06 1 8.06 8.8 16.7 32 16.3 8.12 8.6 16.9 32 

2 16.3 8.15 8.5 16.9 32 
3 16.3 8.16 8.6 16.9 32 

0.125 1 8.04 8.9 16.6 32 16.2 8.17 8.5 16.9 32 
2 16.2 8.17 8.5 16.8 32 
3 16.2 8.19 8.5 16.9 32 

0.25 1 7.94 8.8 16.7 32 16.2 8.20 8.4 17.0 32 
2 16.2 8.19 8.5 16.9 32 
3 16.3 8.14 8.2 16.9 32 

0.5 1 7.77 8.7 16.7 32 16.3 7.73 3.4 16.9 32 

2 16.3 8.11 7.8 16.9 32 
3 16.3 8.15 7.8 16.9 32 

1 1 7.40 8.7 16.8 32 16.2 8.09 7.4 17.0 32 
2 16.2 8.19 7.6 16.9 32 
3 16.2 8.20 7.6 16.9 32 

2 1 6.92 8.6 16.6 32 16.2 8.03 3.8 16.9 32 

2 16.2 8.03 4.8 16.9 32 
3 16.2 7.98 4.6 16.9 32 

Min 6.92 8.6 16.6 32 16.2 7.73 3.4 16.8 32 

Max 8.06 8.9 16.8 32 16.3 8.20 8.6 17.0 32 



APPENDIX TABLE 3 

Mytilru eduli1 

SUMMARYOFRESULTSFORBIVALVELARVAEIDGHSTRENGTHWASTEBIOASSAY 

TestDates: 10f.25-1CV27/94 

Concentration Total 
(%) Rep Normal 

Initial Counts 1 110 
2 135 
3 108 

Mean 

Ymal Control 1 101 

W/Air 2 129 
3 117 

Mean 

Yma.l Control 1 104 

WO/Air 2 109 
3 118 

Mean 
HSW•l 

0.06 1 82 
2 89 
3 78 

Mean 

0.125 1 23 
2 18 
3 20 

Mean 

0.25 1 3 
2 1 
3 3 

Mean 

0.5 1 0 
2 0 
3 0 

Mean 

1 1 0 
2 0 
3 0 

Mean 

2 1 0 
2 0 
3 0 

Mean 

Total Total 
Abnormal Larvae/mL 

22.0 
27.0 
21.6 
235 

0 20.2 

0 25.8 
5 24.4 

23.5 

5 21.8 

3 22.4 
5 24.6 

22.9 

12 18.8 
14 20.6 

15 18.6 
19.3 

72 19.0 
58 15.2 
71 18.2 

175 

82 17.0 

77 15.6 
85 17.6 

16.7 

85 17.0 
93 18.6 
81 16.2 

17.3 

89 17.8 
94 18.8 

97 19.4 
18.7 

95 19.0 
96 19.2 
87 17.4 

18.5 

\ 

% Survim % Abnormal 

0.0 

0.0 
4.1 

100.0 1.4 

4.6 

2.7 
4.1 

100.0 3.8 

12.8 
13.6 
16.1 

93.4 14.2 

75.8 
76.3 
78.0 

84.4 76.7 

96.5 
98.7 
96.6 

80.8 973 

100.0 
100.0 
100.0 

83.4 100.0 

100.0 
100.0 
100.0 

90.2 100.0 

100.0 
100.0 
100.0 

89.5 

Treabnent 
Mortality 

(%) 

NA 

NA 

4.8 

14.0 

17.6 

14.9 

8.0 

8.7 



APPENDIX TABLE 3 (Cont'd) 

Mytilus edulis 

SUMMARY OF RESULTS FOR BIVALVE LARVAE HIGH STRENGTH WASTE BIOASSAY 

Test Dates: 10/25-HV27/94 

Concentration Total Total Total 
Treatment 
Mortality 

(%) Re1> Normal Abnormal Larvae/mL % Survival % Abnormal (%) 

HSW-2 
0.06 1 102 3 21.0 2.9 

2 87 2 17.8 2.2 

3 117 3 24.0 2.5 
Mean 20.9 100.0 2.5 0.0 

0.125 1 67 13 16.0 16.3 
2 61 12 14.6 16.4 

3 52 12 12.8 18.8 

Mean 14.5 69.9 17.1 28.7 

0.25 1 0 38 7.6 100.0 

2 0 27 5.4 100.0 

3 0 33 6.6 100.0 
Mean 6.5 31.6 100.0 67.8 

0.5 1 0 27 5.4 100.0 

2 0 27 5.4 100.0 
3 0 27 5.4 100.0 

Mean 5.4 26.1 100.0 73.4 

1 1 ·- 0 36 7.2 100.0 
2 0 39 7.8 100.0 

3 0 31 6.2 100.0 
Mean 7.1 34.1 100.0 65.2 

2 1 0 37 7.4 100.0 
2 0 31 6.2 100.0 

3 0 36 7.2 100.0 
Mean 6.9 33.5 100.0 65.8 



APPENDIX TABLE 4 

Mytilus edulis 
WATER QUALITY MEASUREMENTS 

FOR THE REFERENCE TOXICANT (COPPER) TEST 

Concentration Day0 Dayl Day2 

µg/L Rep pH DO oc Sal oc pH DO oc Sal 

3.75 1 8.08 8.8 16.7 32 16.4 8.15 8.4 17.0 32 

2 16.4 8.13 8.5 16.9 32 

3 16.4 8.15 8.6 16.9 32 

75 1 8.09 8.8 16.7 32 16.5 8.18 8.6 16.9 32 

2 16.4 8.18 8.4 16.9 32 

3 16.5 8.16 8.4 16.9 32 

15 1 8.10 8.7 16.7 32 16.5 8.17 8.5 16.9 32 

2 16.5 8.18 8.5 17.0 32 

3 16.5 8.18 8.4 17.0 32 

30 1 8.10 8.7 16.8 31 16.5 8.17 8.4 16.9 32 

2 16.5 8.17 8.4 16.9 32 

3 16.5 8.16 8.5 16.9 32 

60 1 8.11 8.7 16.7 30 16.5 8.16 8.5 16.9 32 

2 16.4 8.17 8.6 16.9 32 

3 16.5 8.16 8.6 17.0 32 

Min 8.08 8.7 16.7 30 16.4 8.13 8.4 16.9 32 

Max 8.11 8.8 16.8 32 16.5 8.18 8.6 17.0 32 



Concentration 
(119/L) Rep 

3.75 1 
. 2 

3 
Mean 

7.5 1 
2 
3 

Mean 

15 1 
2 
3 

Mean 

30 1 
2 
3 

Mean 

60 1 ·-
2 
3 

Mean 

APPENDIX TABLE 5 

Mytilus edulis 
SUMMARY OF RESULTS FOR THE BIVALVE LARVAE 

REFERENCE TOXICANT (COPPER) BIOASSA Y 

Tota1 Tota1 Total 
Normal Abnormal Larvae/mL % Survival % Abnormal 

90 2 18.4 22 
97 1 19.6 1.0 
93 2 19.0 21 

19.0 91.8 1.8 

4 5 1.8 55.6 
6 7 2.6 53.8 
7 6 2.6 46.2 

2.3 11.3 51.9 

0 27 5.4 100.0 
0 21 4.2 100.0 
0 23 4.6 100.0 

4.7 22.9 100.0 

0 0 0.0 100.0 
0 0 0.0 100.0 
0 0 0.0 100.0 

0.0 0.0 100.0 

0 0 0.0 100.0 
0 0 0.0 100.0 
0 0 0.0 100.0 

0.0 0.0 100.0 

Treatment 
Mortality 

(%) 

6.4 

88.5 

76.7 

100.0 

100.0 



Concmtratton Day 0 
(%) Rep pH DO NB3 •c Sal 

Control 1 7.98 7.9 0.03 17.1 32 
2 
3 
4 
s 

0.06 1 7.93 8.0 0.14 17.3 32 
2 

3 
4 
s 

0.125 1 
2 

3 
4 
s 

0.25 1 
2 
3 
4 
s 

o.s 1 
2 

3 
4 
s 

1 1 
2 
3 
4 
s 

2.0 1 
2 

3 
4 
s 

7.87 8.0 0.17 17.2 32 

7.72 8.1 0.51 17.2 32 

7.55 8.1 0.93 17.2 32 

7.18 7.8 1.80 17.2 32 

6.84 7.7 3.60 17.2 32 

APPENDIX TABLE 6 

M:,sid,,psls bahJa 
WATER QUALITY MFA.SUREMENTS FOR EFFLUENT n:sT 

HSW-1 

Day 1 
pH DO NH3 •c Sal 

8.18 8.2 17.2 33 
8.23 8.1 O.o3 17.0 33 
8.22 8. I 16.9 32 
8.22 8.4 16.6 33 
8.22 8.5 16.5 33 

8.17 8.5 17.2 33 
8.15 8.5 0. 10 17.0 32 
8.13 8.3 16.8 32 
8 .20 8.2 16.5 33 
8.21 8.2 16.4 31 

8.09 8.4 17.2 33 
8.02 8.4 0.22 17.0 33 
8.01 8.5 16.8 32 
8.Q3 8.3 16.5 33 
8.14 8.4 15.9 33 

8.01 8.2 17.2 33 
8.01 8.2 0.70 17.0 33 
7.85 7.7 16.9 32 
8.02 7.8 16.5 33 
8.09 8.6 16.0 33 

7.97 6.6 17.2 33 
7.84 7.7 0.40 17.0 32 
7.73 6.8 16.9 32 

Day2 
pH DO NB3 •c Sal 

8.16 7.2 0.02 17.1 33 
8.23 7.2 16.5 33 
8.24 7.2 
8.24 7.2 
8.24 7.4 

16.3 33 
16.2 33 
16.0 33 

8.24 7.6 0.11 16.6 33 
8.25 7 .5 16.5 33 
8.23 7.4 
8.19 7.4 
8.21 7.4 

16.4 33 
16.2 33 
16.0 33 

8.22 7.6 0.19 16.6 33 
8.24 7.5 16.5 33 
8.21 7.4 
8.25 7.4 
8.25 7.4 

16.2 33 
16.0 33 
16.0 33 

8.27 7.6 0.38 16.7 33 
8.26 7.6 
8.17 7.4 
8.23 7.4 
8.24 7.4 

16.5 33 
16.4 33 
16.0 33 
16.0 33 

8. 10 7.6 0.70 16.6 33 
8.20 7.4 16.5 33 
8. 16 7.3 16.5 33 

7.78 7.6 
7.77 7.9 

16.6 33 8.13 7.2 16.3 33 
16.0 33 16.2 33 8.13 7.2 

1 .66 6.9 17.2 32 
7.81 7.1 1.50 17.0 32 
7.65 6.3 
7.60 5.9 
7.51 5.2 

17.0 32 
16.7 33 
16.5 33 

7.56 3.5 15.9 33 
7.47 2.0 3.70 15.7 33 
7.49 2.0 15.6 33 
7.38 0.6 15.8 33 

8.18 7.4 1.44 16.9 33 
8.23 7 .3 16.6 33 
8. 18 7.2 
8.14 7.2 
8.07 7.2 

16.5 33 
16.2 33 
16.0 33 

8.22 7.2 2.82 16.0 33 
8.0') 7.2 16.0 34 
8.05 6.7 16.0 34 
8.14 6.7 16.0 34 

7.66 3.8 15.9 34 8.18 6.9 16.0 34 

Day3 
pH DO NB3 •c Sal 

8.17 7.3 0,03 17.4 33 
8.22 7.2 17.1 33 
8.24 7.3 16.9 33 
8.24 7.4 16.8 33 
8.25 7.4 16.6 33 

8.23 7.6 0.11 17.2 34 
8.20 7.4 
8.20 7.4 
8.13 7.4 
8.16 7.4 

17.0 33 
16.9 33 
16.6 34 
16.5 34 

8.21 7.5 0.21 17.2 34 
8.21 7.4 17. l 33 
8.21 7.4 16.8 33 
8.25 7.4 16.5 34 
8.26 7.4 16.5 34 

8.26 7.6 OAO 17.1 34 
8.27 7.6 17.0 34 
8.21 7.5 16.9 33 
8.22 7.4 16.6 34 
8.25 7.4 16.4 34 

8.28 7.6 0.60 17.2 33 
8.23 7.5 17.0 33 
8.21 7.4 16.9 33 
8.21 7.4 
8.20 7.4 

16.6 34 
16.5 34 

8.23 7.6 1.26 17.2 33 
8.28 7.4 17.1 33 
8.27 7.4 17.1 33 
8.23 7.3 16.7 32 
8.16 7.3 16.3 34 

8.30 7.3 2.16 16.3 34 

8.30 7.4 16.2 34 

Min 
Max 

6.84 7.7 0.03 17.1 32 7.38 0.6 0.Q3 15.6 31 8.05 6.7 0.02 16.0 33 8.13 7.2 0.03 16.2 32 
8.30 7.6 2.16 17.4 34 7.98 8.1 3.60 17.3 32 8.23 8.6 3.70 17.2 34 8.27 7.6 2.82 17.1 34 

Note: - "All animals dead. 

Day4 
pH DO NB3 •c S• 

8.05 8.0 0.03 17.9 34 
8.14 8.0 17.7 34 
8.17 8.0 17.6 34 
8.18 8.1 17.5 34 
8 .20 8.2 17 .2 34 

8.18 
8.13 
8.14 
7.98 

8.2 0.10 17.7 34 
8.2 17.6 34 
8.1 17.6 34 
8.0 17.3 34 

8.09 7.8 17.0 34 

8.15 8.0 0.20 17.6 34 
8.16 8.0 17.6 34 
8.14 8.0 
8.21 8.0 
8.22 8.0 

17.4 34 
17.0 34 
16.9 34 

8.21 8.2 0.39 17.5 34 
8.20 8.0 17.5 34 
8.12 8.0 17.4 34 
8.15 7.8 17.0 34 
8.19 7.8 16.9 34 

8.27 8.0 0.74 17.6 34 
8. 19 8.0 17 .6 34 
8.24 7.9 17 .4 34 
8.18 7.8 
8.13 7.8 

17.2 34 
16.9 34 

8.20 7.8 1.18 17.7 34 
8.26 7 .8 17 .7 34 
8.12 7.6 17.6 34 
8.17 7.6 17.3 34 
8. 14 7.4 17.0 34 

8.31 7.4 2.07 16.8 34 

8.31 7.6 16.7 34 

7.98 7.4 0-03 16.7 34 
8.31 8.2 2.07 17.9 34 



APPENDIX TABLE 6 (Cont'd) 

M1sldopsl.r bahJ.a 
WATER QUAI.JTY MEASUREMENTS FOR EFFLUENT TEST 

HSW-l 

Concentration DayO Dayl Dayl Day3 Day4 
!%2 R!]! J:!B DO NH3 •c Sal J:!B DO NH3 •c Sal J:!B DO NH3 •c Sal J:!B DO NH3 ·c Sal J:!B DO NB3 •c Sal 

0.06 1 7.84 8.1 0.24 17.6 32 8.lS 8.1 17.2 33 8.26 7.2 0.16 16.6 33 8.28 7.6 0.20 11.1 34 8.27 8.2 0.18 17.6 34 
2 8.02 8.0 0.211 16.9 33 8.19 7.1 16.4 33 8.20 1.5 16.9 34 8.18 8.1 17.4 34 
3 8.18 8.0 16.S 33 8.24 7.2 16.0 33 8.26 7.4 16.7 34 8.24 8.1 17.2 34 
4 8.10 8.1 16.3 33 8.26 7.4 16.0 33 8.26 7.4 16.5 34 8.26 8.0 17.0 34 
5 8.20 8.0 16.2 34 8.25 7.4 16.0 33 8.15 7.5 16.5 34 8.27 8.0 17.0 34 

0.125 1 7.79 8.1 0.47 17.7 32 8.12 8.1 17.2 33 8.25 1.S 0.17 16.5 34 8.28 7.4 0.32 17.0 34 8.27 8.2 0.28 17.4 34 • 
l 8.11 8.0 0.32 16.9 33 8.25 7.4 16.4 33 8.27 7.4 16.8 34 8.26 8.2 17.4 34 
3 8.05 8.0 16.6 33 8.21 7.4 16.2 33 8.26 7.4 16.6 34 8.12 8.0 17.2 34 
4 8.15 8.0 16.2 33 8.23 7.3 16.1 33 8.26 7.4 16.5 34 8.21 7.6 17.0 34 
5 8.17 8.1 16.2 33 8.27 7.4 16.0 34 8.27 7.6 16.5 34 8.26 7.6 16.9 34 

0.25 l 1.66 8.0 0.84 17.6 32 1.95 7.8 17.1 33 8.24 7.4 0.54 16.4 33 8.26 7.6 0.51 16.9 · 34 8.25 8.0 0.47 17.4 34 
l 7.89 7.8 o.60 16.9 33 8.18 7.4 16.3 33 8.24 7.4 16.9 34 8.20 8.0 17.4 34 

3 7.93 7.8 16.6 33 8.20 7.2 16.2 33 8.24 7.4 16.6 34 8.21 1.9 17.2 34 
4 7.92 7.8 16.5 33 8.20 7.2 16.1 33 8.22 7.4 16.5 34 8.19 7.8 17.0 34 
5 8.01 7.8 16.2 33 8.20 7.2 16.0 34 8.25 7.4 16.5 34 8.23 7.8 16.9 34 

0.5 7.43 1.9 1.60 17.6 32 1.89 7.8 17.l 33 8.25 7.4 1.10 16.2 33 8.27 1.5 1.05 16.8 34 8.26 8.0 0.98 17.2 34 
l 7.83 7.8 1.21 16.9 33 8.21 7.4 16.2 33 8.27 7.4 16.7 34 8.27 7.9 17.2 34 
3 7.79 7.4 16.7 33 8.20 7.2 16.1 33 8.27 7.4 16.6 34 8.23 7.8 17.2 34 
4 7.77 7.4 16.5 33 8.16 7.2 16.0 33 8.25 7.4 16.5 34 8.21 1.6 17.0 34 
5 7.94 7.8 16.2 33 8.24 7.2 16.0 34 8.30 7.4 16.5 34 8.28 7.6 16.9 34 

1 1 7.10 7.8 3.20 17.6 32 7.64 5.8 16.9 33 8.25 7.3 2.21 16.0 34 
2 7.5!) 0.8 2.57 16.9 33 8.15 7.3 16.0 33 
3 7.62 5.2 16.6 33 8.20 7.2 16.0 33 8.24 7.4 2.05 16.5 34 8.28 7.8 2.01 17.0 34 
4 7.62 5.0 16.4 33 8.21 7.2 16.1 33 8.29 7.4 16.5 34 8.31 7.6 16.9 34 
5 7.67 4.8 16.2 33 8.17 7.2 16.0 34 8.25 7.3 16.5 34 8.22 7.6 16.9 34 

2.0 l 6.82 7.2 6.10 17.9 32 7.45 0.8 17.0 33 
2 7.49 0.4 5.28 16.7 33 
3 7.40 0.6 16.5 33 
4 7.57 1.8 16.3 33 
5 7.47 0.6 16.2 33 

Min 6.82 7.2 0.24 17.6 32 7.40 0.4 0.28 16.2 33 8.15 7.2 0.16 16.0 33 8.15 7.3 0.20 16.5 34 8.12 7.6 0.18 16.9 34 

Max 7.84 8.1 6.10 17.9 32 8.20 8.1 5.28 17.2 34 8.27 1.5 2.21 16.6 34 8.30 7.6 2.05 17. l 34 8.31 8.2 2.01 17.6 34 

Note: All animals dead. 



APPENDIX TABLE 7 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

Control 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 98.0 

0.06 1 10 10 9 9 9 90 
2 10 10 9 10 10 100 
3 10 10 10 9 9 90 
4 10 9 9 8 8 80 
5 10 9 9 9 9 90 90.0 

0.125 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.25 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.5 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 9 9 90 98.0 

1 1 10 10 10 10 9 90 
2 10 10 10 10 6 60 
3 10 10 10 10 7 70 
4 10 10 10 .10 6 60 
5 10 10 8 6 5 50 66.0 

2 1 10 • 3 3 1 10 
2 10 • 0 0 
3 10 • 0 0 
4 10 • 0 0 

5 10 • 2 2 1 10 4.0 

Notes: .... All animals dead. 
• Sample too turbid to do counts. 



APPENDIX TABLE 7 (Cont'd) 

Mysidopris bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

0.06 1 10 10 10 10 10 100 
2 10 10 7 6 5 50 
3 10 10 10 10 10 100 
4 10 10 7 7 6 60 
5 10 10 9 9 9 90 80.0 

0.125 1 10 10 10 10 10 100 
2 10 10 9 9 8 80 
3 10 10 10 10 9 90 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 94.0 

0.25 1 10 10 10 10 9 90 

2 10 10 10 10 9 90 
3 10 10 10 9 9 90 
4 - 10 10 10 9 9 90 
5 10 10 8 8 7 70 86.0 

0.5 1 10 10 9 9 9 90 
2 10 10 10 9 9 90 
3 10 10 10 9 9 90 
4 10 10 10 10 9 90 
5 10 10 9 9 8 80 88.0 

1 1 10 * 0 0 

2 10 * 0 0 
3 10 * 2 2 3 30 
4 10 * 2 2 2 20 

5 10 * 2 2 2 20 14.0 

2 1 10 0 0 
2 10 0 0 

3 10 0 0 

4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 
* Sample too turbid to do counts. 



APPENDIX TABLE 8 

Mysidopsis hahia 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Dayl Day2 Day3 Day4 
(mg!L) Rep pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc 1 Sal 

0.7 1 8.06 8.2 15.9 33 8.16 7.2 17.4 33 8.16 7.2 17.4 33 8.03 7.4 17.6 33 7.88 6.8 18.2 33 
2 8.19 7.1 17.2 33 8.16 7.2 17.3 33 8.07 7.4 17.6 33 7.91 6.7 18.2 33 
3 8.20 7.1 17.3 33 8.16 7.1 17.3 33 8.06 7.2 17.6 33 7.88 6.6 18.2 33 

1.25 1 8.07 8.1 15.9 32 8.19 7.0 17.2 33 8.17 7.0; 17.3 33 8.08 7.2 17.6 33 7.93 6.5 18.2 33 
2 8.19 7.0 17.0 33 8.16 7.0 17.2 33 8.07 7.2 17.6 33 7.93 6.6 18.0 33 
3 8.19 7.0 17.1 33 8.15 7.1 17.2 33 8.07 7.2 17.5 33 7.93 6.6 18.0 33 

2.5 1 8.07 8.1 15.8 32 8.16 6.9 17.2 33 8.13 7.0 17.3 33 8.05 7.2 17.6 33 7.93 6.7 18.2 33 
2 8.15 6.5 17.0 33 8.12 7.0 17.0 33 8.05 7.2 17.5 33 7.96 6.6 18.0 33 
3 8.14 6.4 17.0 33 8.12 7.0 17.1 33 8.03 7.2 17.6 33 7.89 6.7 18.0 33 

5 1 8.08 8.1 15.9 32 8.11 6.4 17.2 33 8.08 7.0 17.4 33 8.02 7.2 17.6 33 7.90 6.5 18.3 33 
2 8.11 6.0 17.0 33 8.08 6.8 17.3 33 8.01 7.0 17.6 33 7.91 6.5 18.1 33 
3 8.10 5.8 17.0 33 8.09 6.8 17.2 33 8.00 7.0 17.6 33 7.89 6.4 18.2 33 

10 1 8.08 8.0 15.8 32 8.05 5.8 17.3 33 8.01 6.4 17.5 33 7.98 7.0 17.9 33 7.89 6.4 18.6 33 
2 8.07 5.8 17.1 33 7.99 6.4 17.3 33 7.98 7.0 17.8 33 7.89 6.4 18.3 33 
3 8.08 5.1 17.2 33 7.98 6.4 17.3 33 7.98 7.0 17.6 33 7.87 6.4 18.3 33 

20 1 8.09 8.0 15.8 32 8.05 4.8 17.5 33 7.80 4.5 17.7 33 
2 8.06 4.7 17.3 33 7.77 4.4 17.6 33 7.83 7.1 18.0 33 7.85 6.4 18.7 33 
3 8.05 4.7 17.2 33 7.78 4.4 17.4 33 7.81 . 6.4 17.8 33 7.92 6.7 18.6 34 

40 1 8.09 8.1 15.7 32 8.12 6.0 17.8 33 
2 8.17 6.2 17.8 33 
3 8.17 6.2 17.8 33 

Min 8.06 8.0 15.7 32 8.05 4.7 17.0 33.0 7.77 4.4 17.0 33.0 7.81 6.4 17.5 33.0 7.85 6.4 18.0 33.0 
Max 8.09 8.2 15.9 33 8.20 7.2 17.8 33.0 8.17 7.2 17.7 33.0 8.08 7.4 18.0 33.0 7.96 6.8 18.7 34.0 

Note: - = All animals dead. 



APPENDIX TABLE 9 

Mysidopsis bahia 
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Inltia) % % 

(mg/L) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.7 1 10 10 9 8 8 80 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 90.0 

1.25 1 10 10 9 9 9 90 
2 10 10 9 9 9 90 
3 10 10 10 10 9 90 90.0 

2.5 1 10 10 8 8 8 80 
2 10 10 7 7 7 70 
3 10 9 8 8 7 70 73.3 

s 1 10 10 10 10 10 100 
2 10 10 7 7 6 60 
3 10 9 9 9 9 90 83.3 

10 1 10 10 9 8 8 80 
2 10 8 7 7 7 70 
3 10 8 7 6 6 60 70.0 

20 1 10 2 0 0 
2 10 2 2 2 2 20 
3 10 1 1 1 1 10 10.0 

40 1 10 0 0 
2 10 0 0 
3 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 10 

CWiarlc:hlhp s.tigmanu 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dates: 10/26-1WJOl94 
BSW-1 

Concentration DayO Day 1 Day2 Day3 Day4 

!%2 R!:J! J!B DO NBJ •c Sal J!B DO NHJ ·c Sal EH DO NB3 ·c Sal J!B DO NID ·c Sal 2H DO NID •c Sal 

Control 1 8.02 8.6 <(l.01 16.5 32 8.05 8.2 0.08 16.8 32 8.03 8.8 0.08 14.6 33 7.94 6.8 0.08 15.4 33 7.95 8.2 0.09 15.7 33 
2 792 8.3 0.08 16.9 32 7.82 8.8 O.o9 14.7 33 7.78 7.0 0.09 15.5 33 7.81 8.2 0.14 15.7 33 
3 7.91 7.8 0.07 16.9 32 7.ll4 9.0 0.09 14.6 33 7.79 6.8 O.o7 15.5 33 7.81 7.2 0.19 15.7 33 
4 8.04 8.1 0.07 16.8 32 7.99 8.7 0.08 14.5 33 8.00 6.6 0.07 15.4 33 7.99 8.1 0.18 15.6 33 
s 8.00 8.2 0.07 16.8 32 7.99 8.8 0.09 14.6 33 7.94 6.6 0.08 15.4 33 7.97 8.1 0.17 15.6 33 

0.06 1 7.95 8.6 0.16 16.4 32 7.90 8.1 0.14 16.7 32 8.00 9.0 0.17 14.6 33 7.99 7.2 0.16 15.4 33 8.00 8.1 0.29 15.7 33 
2 7.89 8.0 0.14 16.6 32 8.01 9.0 0.17 14.5 33 8.00 7.2 0.18 15.5 33 8.03 8.1 0.26 15.6 34 
3 7.95 8.0 0.14 16.5 32 8.04 9.0 0.17 14.5 33 8.04 7.0 0.14 15.4 33 8.06 8.3 0.29 15.5 34 
4 7.83 7.6 0.15 16.3 32 8.02 9.0 0.18 14.2 33 7.94 7.2 0.18 15.3 33 7.95 8.2 0.30 15.2 34 
s 7.82 7.8 0.15 16.2 32 7.97 8.9 0.18 14.2 33 7.93 7.2 0.17 15.4 33 7.96 7.9 0.31 15.0 33 

0.125 7.93 8.6 0.23 16.4 32 7.61 5.1 0.21 16.3 32 7.99 8.9 0.21 14.2 33 7.98 7.4 0.20 15.4 33 8.01 8.1 0.35 15.3 34 
2 7.59 5.0 0.22 16.2 32 7.99 9.0 0.24 14.2 33 7.95 7.2 0.24 15.2 33 8.01 8.1 0.40 15.2 34 
3 7.76 7.2 0.22 16.0 32 8.01 9.1 0.23 14.2 33 7.97 7.2 0.20 15.4 33 8.03 8.2 0.48 15.4 34 
4 7.64 5.6 0.19 16.2 32 8.01 9.1 0.23 14.3 33 7.97 7.0 0.19 15.2 33 8.00 8.1 0.53 15.3 34 
s 7.86 7.3 0.19 16.2 32 8.03 9.1 0.23 14.2 33 8.04 7.0 0.21 15.3 33 8.08 8.0 0.51 15.2 34 

0.25 1 7.83 8.6 0.47 16.5 32 7.58 4.6 0.35 16.0 32 7.94 9.0 0.37 13.9 34 7.90 7.2 0.34 15.3 33 7.!II 8.1 0.53 14.5 36 
2 7.65 4.7 0.36 16.0 32 8.04 8.8 0.37 14.0 33 8.01 7.3 0.33 15.3 33 8.10 8.0 0.62 14.7 35 
3 7.62 4.6 0.35 16.0 32 8.07 8.9 0.36 14.3 33 8.03 7.3 0.37 15.4 33 8.10 8.2 0.57 14.9 34 
4 7.67 4.7 0.34 15.9 32 8.03 9.0 0.36 14.4 33 7.'Yl 7.3 0.36 15.4 33 8.03 8.2 0.66 15.1 34 
5 7.67 4.8 0.34 16.0 32 8.08 9.1 0.36 14.3 33 8.05 7.2 0.37 15.3 33 8.11 8.3 0.61 14.9 35 

0.5 1 7.63 8.5 0.92 16.4 32 7.50 1.2 0.74 16.5 32 
2 7.50 0.9 0.61 16.6 32 
3 7.52 0.8 0.76 16.6 32 
4 7.51 1.3 0.75 16.6 32 
5 7.57 1.0 0.66 16.6 32 

1 1 7.33 8.5 1.98 16.4 31 7.45 0.8 1.58 16.5 32 
2 7.46 0.9 1.62 16.5 32 
3 7.47 0.6 1.59 16.5 32 
4 7.48 0.8 1.54 16.4 32 
s 7.46 0.8 1.63 16.2 32 

2 1 6.99 8.1 3.95 16.5 31 7.41 0.6 3.18 16.2 32 

2 7.40 0.4 3.20 16.2 32 
3 7.48 0.6 3.12 16.0 32 
4 7.41 0.8 3.15 16.I 32 
5 7.45 0.8 3.19 16.2 32 

Min 6.99 8.1 <0.10 16.4 31 7.40 0.4 0.07 15.9 32 7.82 8.7 0.08 13.9 33 7.78 6.6 <0.10 15.2 33 7.81 7.2 0.09 14.5 33 
Max 8.02 8.6 3.95 16.5 32 8.05 8.3 3.20 16.9 32 8.08 9.1 0.37 14.7 34 8.05 7.4 0.37 1.5.5 33 8.11 8.3 0.66 15.7 36 

Note: - = All animals dead. 



APPENDIX TABLE 10 (Cont'd) 

CiJharlchth,s stlgma.eus 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dales: 10/26-1Clr'30/94 
HSW-2 

Concentration DayO Day 1 Day2 Day3 Day4 
!%2 R!:J! EH DO NH3 ·c Sal EH DO NH3 ·c Sal EH DO NH3 ·c Sal EH DO NH3 •c Sal EH DO NHJ ·c Sal 

0.06 8.00 8.5 0.19 16.5 32 7.76 7.0 0.20 16.5 32 8.03 9.2 0.17 14.8 32 8,07 7.4 0.17 15.5 33 8.0'J 8.2 0.17 15.5 33 
2 7.84 7.2 0.17 16.4 32 8.03 9.1 0.17 14.4 33 8.04 7.2 0.16 15.4 33 8.08 8.3 0.20 15.5 33 
3 7.84 7.2 0.18 16.3 32 8.02 9.1 0.18 14.2 33 8.05 7.2 0.18 15.5 33 8.08 8.3 0.21 15.3 34 
4 7.75 6.2 0.17 16.4 32 8.00 9.0 0.18 14.2 33 8.01 7.0 0.17 15.5 33 8.06 8.2 0.19 15.2 34 
5 7.79 6.6 0.18 15.9 32 8.04 8.9 0.18 14.5 33 8.05 7.1 0.19 15.4 33 8.10 8.2 0.23 14.4 36 

0.125 1 7.94 8.6 0.30 16.5 32 7.70 6.4 0.Tl 16.2 32 7.99 8.9 0.26 14.2 33 8.02 7.5 0.21 15.4 33 8.06 8.3 0.31 15.3 34 
2 7.81 6.2 0.Tl 16.3 32 8.03 9.1 0.27 14.3 33 8.04 7.3 0.25 15.4 33 8.0') 8.1 0.34 15.3 34 
3 7.81 6.0 0.Tl 16.4 32 8.04 9.2 0.26 14.3 33 8.05 7.2 0.25 15.5 33 8.10 8.3 0.29 15.3 34 
4 7.58 6.1 0.29 15.9 32 8.04 9.2 0.26 13.8 33 8.06 7.2 0.27 15.3 33 8.11 8.3 0.31 14.8 35 
5 7.76 6.2 0.29 15.9 32 8.06 9.2 0.25 13.8 33 8.07 7.2 0.27 15.3 33 8.13 8.3 0.34 14.8 34 

0.25 1 7.79 8.6 0.62 16.4 32 7.70 4.2 0.57 15.9 32 7.94 9.2 0.47 13.9 33 8.00 7.4 0.44 15.2 33 8.05 8.3 0.47 14.9 34 
2 7.70 4.5 0.58 15.9 32 7.91 8.9 0.47 13.8 33 7.96 7.2 0.41 15.3 33 8.02 8.2 0.49 14.9 34 
3 7.64 4.6 0.55 15.9 32 7.98 8.8 0.47 13.8 33 7.99 7.2 0.41 15.3 33 8.07 8.0 0.41 14.8 34 
4 7.61 4.6 0.53 16.1 32 7.89 8.8 0.46 14.0 33 7.92 7.3 0.40 15.3 33 8.00 8.1 0.47 15.2 34 
5 7.59 4.6 0.52 16.2 32 7.92 8.8 0.47 14.2 33 7.91 7.2 0.43 15.3 33 7.98 7.9 0.49 15.2 34 

0.5 7.54 8.7 1.24 16.5 32 7.57 1.6 1.07 16.2 32 7.97 8.7 0.87 14.0 33 8.04 7.0 0.79 15.4 33 8.08 8.2 0.74 14.9 34 
2 7.49 1.8 1.16 16.2 32 
3 7.54 1.8 l.O'J 16.2 32 
4 7.56 1.8 1.08 16.2 32 
5 7.57 1.9 1.03 16.3 32 8.05 8.8 0.86 14.2 33 8.09 7.0 0.83 15.4 33 8.15 8.2 0.69 15.0 35 

1 1 7.23 8.6 2.41 16.5 32 7.61 0.9 210 16.2 32 
2 7.62 0.9 224 16.3 32 
3 7.54 1.0 222 16.4 32 
4 7.54 0.8 231 15.8 32 
5 7.51. 0.8 231 15.7 32 

2.0 6.86 8.3 5.15 16.5 31 7.80 0.6 4.88 15.8 32 
2 7.56 0.6 4.47 15.9 32 
3 7.60 0.8 4.65 15.9 32 
4 7.60 0.8 4.40 16.0 32 
5 7.56 0.6 4.32 16.2 32 

Min 6.86 8.3 0.19 16.4 31 7.49 0.6 0.17 15.7 32 7.89 8.7 0.17 13.8 32 7.91 7.0 <0.10 15.2 33 7.98 7.9 0.19 14.4 33 
Max 8.00 8.7 5.15 16.5 32 7.84 7.2 4.88 16.5 32 8.06 9.2 0.87 14.8 33 8.09 7.5 0.83 15.5 33 8.15 8.3 0.74 15.5 36 

Note: - = All animals dead. 



APPENDIX TABLE 11 

CiJharichlhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 
Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 IO 100 
4 IO 10 IO IO IO 100 
5 IO 10 IO 10 10 100 100.0 

0.06 1 IO 10 IO 10 10 100 
2 10 10 IO 10 10 100 
3 IO 10 10 IO 10 100 
4 IO 10 IO IO IO 100 
5 10 10 10 IO 10 100 100.0 

0.125 1 10 10 IO IO 10 100 
2 10 10 IO 10 10 100 
3 IO 10 IO 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 IO 10 100 100.0 

0.25 1 10 IO IO 10 IO 100 
2 IO 10 IO 10 10 100 
3 10 IO 10 IO 10 100 
4 10 IO 10 IO 10 100 
5 IO 10 10 IO IO 100 100.0 

0.5 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 IO 0 0 
5 10 0 0 0.0 

1 1 10 0 0 
2 IO 0 0 
3 10 0 0 
4 10 0 0 
5 IO 0 0 0.0 

2 1 IO 0 0 
2 IO 0 0 
3 10 0 0 
4 IO 0 0 

5 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 11 (Cont'd) 

CitharichJhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.06 1 10 IO 10 10 10 100 
2 10 IO 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.125 1 10 IO 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 9 10 10 100 100.0 

0.25 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 IO 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.5 ·1 10 4 2 2 2 20 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 2 2 2 2 20 8.0 

1 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

2 1 10 0 0 
2 10 0 0 
3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 12 

Citharichthys stigmaeus 
WATER QUALITYMEASURE.MENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Dayl 
(mg/L) Rep pH DO oc Sal pH DO oc Sal 

Control 1 7.93 9.4 15.4 31 7.75 5.0 NT NT 
2 7.73 4.8 NT NT 
3 7.69 4.8 NT NT 

1.6 1 7.94 9.4 15.2 31 7.62 4.0 NT NT 
2 7.68 4.4 NT NT 
3 7.70 4.4 NT NT 

3.1 1 7.95 9.4 15.2 31 7.59 4.1 NT NT 
2 7.61 4.3 NT NT 
3 7.64 4.4 NT NT 

6.25 1 7.95 9.4 15.2 31 7.42 2.1 NT NT 
2 7.72 2.1 NT NT 
3 7.75 2.2 NT NT 

12.5 1 7.96 9.4 15.2 31 7.42 2.0 NT NT 
2 7.59 2.1 NT NT 
3 7.56 2.1 NT NT 

25 1 7.96 9.4 15.2 31 7.40 2.0 NT NT 
2 7.43 2.0 NT NT 
3 7.48 2.0 NT NT 

.Min 7.93 9.4 15.2 31 7.40 2.0 

Max 7.96 9.4 15.4 31 7.75 5.0 

Note: NT= Not taken. 



APPENDIX TABLE 13 

Citharichthys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Dayl Survival Survival 

Control 1 6 6 100 
2 6 6 100 
3 6 6 100 100.0 

1.6 1 6 6 100 
2 6 6 100 
3 6 6 100 100.0 

3.1 1 6 5 83 
2 6 5 83 
3 6 5 83 83.3 

· 6.25 1 6 0 0 
2 6 0 0 
3 6 0 0 0.0 

12.5 1 6 0 0 
2 6 0 0 
3 6 0 0 0.0 

25 1 6 0 0 
2 6 0 0 
3 6 0 0 0.0 
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Advanced Imiological 'Il'esting Inc. 

1.0 
INTRODUCTION 

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted 

acute effluent bioassay testing on Mysidopsis bahia and Citharichthys stigmaeus using high 

strength wastes (HSW) collected separately from the Starkist (HSW-1) and Van Camp (HSW-2) 

tuna canneries in American Samoa. The study was run using methods generally specified in 

EPA 1991 and in a Sampling and Testing Plan submitted to the EPA. 

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California, 

and was managed by Mr. Mark Fisler. 
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2.1 EFFLUENT SAMPLING 

2.0 
METHODS 

The high strength wastes were sampled as composites on June 23, 1995 by personnel from the 

two canneries. Due to shipping and airline scheduling problems, frequently encountered in this 

region, the sample was received by the laboratory on June 26, 1995. A single gallon carboy was 

provided from each cannery and were labeled at ABT as HSW-1 (HSW-SKS Grab) and HSW-2 

(Pipeline Sludge HS-W2, Van Camp). Samples were maintained in ice-filled coolers from the 

date of sampling until laboratory receipt. The samples were at 2-3°C upon receipt and were 

stored at 4 °C until use. 

2.2 SAMPLE PREPARATION AND TF.sTING METHODS 

2.2.1 Testing on the speckled sanddab, Citharichthys stigmaeus 

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and 

Associates in Dillon Beach, California. The animals were received at ABT on June 25, 1995. 

The test conditions are summarized in Table 1. Five replicates of each concentration were tested 

with ten juvenile fish per replicate. Water quality was monitored daily. Parameters measured 

included dissolved oxygen, pH, salinity, total ammonia, and temperature. In agreement with the 

EPA regarding the proposed testing concentrations, the high strength wastes were tested at six 

concentrations starting from 2.0% and dropping using a 50% dilution factor. The final 

concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, and 0.06% as vol:vol dilutions in seawater. The 

diluent was filtered seawater from San Francisco Bay. The dilutions were brought up to the test 

temperature (17 ± 2°C) and aerated continuously. These effluents have an extremely high 

biological oxygen demand, therefore aeration was carried out from the beginning of the test. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/Lin 30 ppt seawater in a 24 hour test. 
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2.2.2 Testing on the mysid, Mysidopsis bahia 

The bioassay was carried out on 3-5 day old larval Mysidopsis bahia, supplied by Aquatox from 

Hot Springs, Arkansas. The animals were received at ABT on June 27, 1994. The test conditions 

for this test are summarized in Tabfo 2. Five replicates of each concentration were tested with ten 

larval mysids per replicate. Water quality was monitored daily as initial quality on Day O and 

final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH, salinity, 

total ammonia, and temperature. In agreement with the EPA regarding the proposed testing 

concentrations, the high strength wastes were tested at six concentrations starting from 2.0% and 

dropping using a 50% dilution factor. The final concentrations were 2.0, 1.0, 0.5, 0.25, 0.125, 

and 0.06% as vol:vol dilutions in seawater. The diluent was filtered seawater from San Francisco 

Bay The dilutions were brought up to the test temperature (16 ± 2°C) and aerated continuously. 

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate 

(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations 

were set at 40, 20, 10, 5, 2.5 and 1.25 mg/L in 30 ppt seawater in a 96 hour test 

2.3 STATISTICAL ANALYSIS 

At the conclusion of the testing, the survival data were evaluated statistically using ToxCalc™ to 

determine ECp, NOEC, and LOEC values where appropriate. ToxCalc™ is a comprehensive 

statistical application that follows standard guidelines for acute and chronic toxicity data 

analysis. Data were evaluated statistically to estimate the LC50 values for the tests using the 

Linear Interpolation (Bootstrap) or Trimmed Spearman-Karber methods. 
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3.1 Initial Effluent Quality 

3.0 
RESULTS 

The two High Strength Wastes were tested for basic water quality parameters upon receipt at the 

laboratory. HSW-1 had a dissolved oxygen level of 0.8 mg/L; a pH of 6.49; a salinity of 23 ppt; 

and a total ammonia level of 380 mg/L. HSW-2 had a dissolved oxygen level of 1.4 mg/L; a pH 

of 6.71; a salinity of 17 .0 ppt; and a total ammonia level of 220 mg/L. 

3.2 Citharichthys stigmaeus 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.396% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity again occurred in the first 24 hours. There was significant 

mortality at 2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC 

was 0.25% and the LOEC was 0.5%. 

The LC50 for HSW-2 was 0.626% based upon a Trimmed Spearman-Karber method. The 

majority of the observed toxicity occurred in the first 24 hours. There was significant mortality at 

2.0, 1.0, and 0.5% concentrations compared to the control at 96 hours. The NOEC was 0.25%, 

and the LOEC was 0.5%. 

The reference toxicant test required the use of the Trimmed Spearman-Karber method and 

generated an LC50 of 4.05 mg/L, an NOEC of 3.2 mg/L, and an LOEC of 6.25 mg/L. This is the 

fifth reference toxicant test on Citharichthys at this laboratory, and the current laboratory mean is 

3.95 mg/L (SD = 0.26 mg/L). The results are within one standard deviation of the laboratory 

mean, indicating a normally sensitive population. 
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3.3 Mysidopsis bahia 

Water quality measurements were within the acceptable limits provided in EPA 1991. 

Temperature was maintained at 17 ± 2°C; pH remained relatively stable, and the salinity 

increased slightly as would be expected in a static test. The dissolved oxygen did drop as 

projected after test initiation in all of the concentration even with supplemental aeration and 

aeration was maintained in all chambers for the duration of the test. Ammonia was measured in 

all replicates from each concentration daily and was a potentially significant toxic component of 

the test for the highest three concentrations. 

The LC50 for HSW-1 was 0.675%. At 96 hours, there was significant mortality at concentrations 

to 0.25% compared to the control. The NOEC was 0.125% and the LOEC was 0.25%. 

The LC50 for HSW-2 was 0.625%. again there was significant mortality at 96 hours in the 2.0, 

1.0 and 0.5% concentrations compared to the control. The NOEC was 0.25%, and the LOEC was 

0.5%. 

The reference toxicant test had an LCS0 of 17.18 mg/L, with an NOEC of 10 mg/Land an LOEC 

of 20 mg/L. This is the tenth reference toxicant test on Mysidopsis at this laboratory, and the 

current laboratory mean is 14.29 mg/L (SD= 4.11 mg/L). The results are within one standard 

deviation of the laboratory mean, indicating a normally sensitive population. 

3.4 AMMONIA MEASUREMENTS 

Total ammonia in both of the HSW samples was very high. When measured in a 25% dilution in 

seawater, ammonia levels ranged from 55 to 95 mg/L. When converted to the 100% 

concentration, the ammonia level would be from 220 - 380 mg/L. The measured amount of total 

ammonia in the 2.0% concentrations on Day 0 in HSW-1 was 6.61 mg/L, and in HSW-2, 

4.3 mg/L. In the 1.0% concentrations the total values were 3.32 mg/L and 2.10 mg/L 

respectively. These levels would be consistent with observed toxicity. 
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TABLEl 

Bioassay Procedure And Organism Data 

For the Acute Bioassay 

Using Citha.richthys stigmaeus (U.S. EPA 1991) 

Parameter 
Sample Identification 

Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Species 
Supplier 

Collection location 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature 

Age group 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Initial Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

950626-l(HSW-l), 950626-2 (HSW-2) 

6/23/95 

6/26/95 

One gallon 

4 °C in the dark 

Citharichthys stigmaeus 

J. Brezina and Associates 

Tomales Bay 

June 25, 1995 

48 hours 

34 ppt seawater 

11 ± 2°c 

Juveniles, 3-5 cm 1L 

96 hour static acute, renewal at 48 hours 

6/27/95 to 7/1/95 

Bodega Bay seawater 

11 ± 2°c 

16 L: 8 D 

34± 2 ppt 

10 L polyethylene chamber 

IO animals/replicate 

5L 

5 

None 

None 
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TABLE2 

Bioassay Procedure And Organism Data 

For the Acute Bioassay 

Using Mysidopsis bahia (U.S. EPA 1991) 

Parameter 

Sample Identification 
Sample ID(s) 

Date Sampled 

Date Received at ABT 

Volume Received 

Sample Storage Conditions 

Test Species 
Supplier 

Date Acquired 

Acclimation Time 

Acclimation Water 

Acclimation Temperature/Salinity 

Age group 

Test Procedures 
Type; Duration 

Test Dates 

Control Water 

Test Temperature 

Test Photoperiod 

Salinity 

Test Chamber 

Animals/Replicate 

Exposure Volume 

Replicates/Treatment 

Feeding 

Deviations from procedures 

Data 

950626-l(HSW-1), 950626-2 (HSW-2) 

6/23/95 

6/26/95 

One gallon 

4 °C in the dark 

Mysidopsis bahia 

Aquatox, Arkansas 

6/27/95 

None 

Shipping water 

20 ± 2°C/30-32 ppt salinity 

3-5 day old larvae 

Acute; static; renewal at 48 hours 

6/27 /95 to 7 /1/95 

San Francisco Bay seawater 

17 ±2°C 

14L:IOD 

34± 2 ppt 

1000 mLjars 

10 animal/replicate 

500mL 

5 

Brine shrimp (24 hr old nauplii) 

None 
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Species 

Citharichthys 

Mysidopsis 

Sample 

HSW-1 

HSW-2 

Advanced IBiological "II'esting Inc. 

TABLE4 

Summary Of Effluent Toxicity 

and 

Results of the Reference Toxicity Testing 

LCSQ 

0.3959% 

0.6262% 

Ref Tox (SDS) 4.057 mg/L (acceptable) 

0.675% 

95% Confidence Limits 

0.368% -0.426% 

0.569% -0.689% 

3.51-4.69 mg/L 

0.563% -0.764% HSW-1 

HSW-2 0.625% 0.549% -0.692% 

Ref Tox (SDS) 17.18 mg/L (acceptable) Not calculated 
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4.0 
REFERENCES 

U.S. EPA. 1991. Methods for measuring acute toxicity of effluents to freshwater and marine 

organisms, 4th ed. EPA 600/4-90/027, September, 1991. 
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ANALYTICAL DATA 



Concentration Day 0 
(%) Rep pH DO NB3 °C Sal 

Control 1 

0.06 

2 
3 
4 

s 

2 
3 

4 
5 

8.07 9.1 16.4 33 

8.03 9.0 0.25 16.3 34 

0.125 1 7.99 9.1 0.48 16.2 34 
2 

3 
4 
s 

0.25 1 7 .90 9.0 0.94 16.2 34 
2 
3 
4 

5 

0.5 1 
2 

3 
4 
s 

1 1 
2 
3 
4 
5 

7.83 9.0 1.80 16.2 34 

7 .52 8.8 3.42 16.2 34 

2 7 .46 8.8 6.60 16.2 34 

Min 
Max 

2 
3 
4 

5 

7 .46 8.8 0.25 16.2 33 
8.07 9. 1 6.60 16.4 34 

Note: - = All animals dead. 

APPENDIX TABLE 1 

Cilharldrth:,s stJgn,anu 
WATER QUALITY MEASUREMENTS FOR EFFLUENT~ 

Study Dates: <n:T. 111195 

Day 1 
pH DO NH3 °C Sal 

8. 14 8.0 <0.01 15.8 34 
8.07 7.8 <0.01 15.7 34 
8.01 7.2 <0.01 15.7 34 
8.08 7.8 <0.01 15.6 34 
8. 11 7.8 <0.01 15.6 34 

7.88 7.2 0.17 15.7 34 
7.99 7.8 0.19 15.5 34 
7.95 7.8 0.17 15.6 34 
7.'T/ 7.8 0.20 15.5 34 
7.92 7.4 0.18 15.5 34 

7.80 6.6 0.29 15.5 34 
7.84 6.8 0.28 15.5 34 
7.80 6.6 0.28 •15.6 34 
7.90 6.4 0.29 15.4 34 
7.75 5.4 0.30 15.5 34 

7.68 6.6 0.52 15.8 34 
7.62 5.8 0.52 15.7 34 
7 .54 4.8 0.5 1 15 .8 34 
7.55 4.8 0.52 15.7 34 
7.57 6.0 0.51 15.7 34 

7.54 4.4 1.20 15.7 34 
7.48 4.3 1.19 15.7 34 
7 .45 4.4 1.22 15.6 34 
7.52 4.1 1.18 15.7 34 
7 .56 4.0 1.20 15 .6 34 

7.45 2.3 2.75 15.7 34 
7.41 0.8 2.78 15.6 34 
7.39 1.2 2.72 15.6 34 
7.40 0.4 2. 73 15.1 34 
7.41 0.4 2.73 15.7 34 

7.43 1.0 5.87 15.7 34 
7.50 2.8 5.84 15.4 34 
7.45 0.8 5.79 15.5 34 
7.45 3.2 5.80 15.5 34 
7.52 2.4 5.88 15.6 34 

7.39 0.4 <0.01 15.1 34 
8.14 8.0 5.88 15.8 34 

HSW-1 

Day 2 
pH DO NH3 °C Sal 

8.15 7.3 0.14 18.0 34 
8.08 7.2 0.13 17.9 34 
7.98 6.6 0.14 17.9 34 
8.09 7.2 0.14 17.8 34 
8.12 7.2 0.14 17.9 34 

7.99 6.8 0.21 17.9 34 
8.09 6.9 0.24 17.8 34 
8.08 7.1 0.20 17.9 34 
8.09 7.2 0.26 17.9 34 
8.04 7.2 0.22 17.8 34 

8.02 6.8 0.30 17.8 34 
8.04 7.0 0.33 17.8 34 
8.02 7.0 0.31 17.9 34 
8.09 7.2 0.32 17.6 34 
7.96 6.6 0.32 17.9 34 

8.06 6.8 0.48 I 8.0 34 
8.03 6.8 0.48 18.0 34 
7 .97 6.6 0.46 18.0 34 
7 .95 6.6 0.56 18.0 34 
8.01 6.8 0.47 17.9 34 

7 .90 6.0 1.00 18.0 34 
7.85 5.9 1.08 18.0 34 
7.88 6.0 1.02 17.9 34 
7 .86 5.6 1.02 18.0 34 
7.95 6.4 0.83 17.9 34 

7.85 5.6 0.13 17.6 34 
8.15 7.3 1.08 18.0 34 

Day3 
pH DO NH3 °C Sal 

8. 15 8.6 0.24 17 .9 34 
8.08 8.4 0.22 17.8 34 
7.96 7.6 0.22 17.8 34 
8. 11 8.4 0.22 17 .7 34 
8.12 8.4 0.21 17.9 34 

7.92 7.6 0.32 18.0 34 
8.09 8.2 0.35 17.9 34 
8.03 8.2 0.33 18.2 34 
8.0') 8.2 0.40 17.7 34 
8.02 8.2 0.32 17.7 34 

8.04 8.2 0.41 17.8 34 
8.06 8.2 0.49 17 .9 34 
8.04 8.2 0.45 17 .9 34 
8.13 8.2 0.44 17.8 34 
7.96 8.2 0.46 18.2 34 

8.03 8.0 0.57 18.0 34 
8.01 8.0 0.59 18.0 34 
7 .96 7 .8 0.55 18.0 34 
7.95 7.6 0.55 17.9 34 
7.99 7.8 0.58 18.0 34 

8.03 7 .9 0.93 18.0 34 

7.92 7.6 0.21 17.7 34 
8.15 8.6 0.93 18.2 34 

Day4 
pH DO NH3 °C Sal 

8.18 7.6 0.31 18.3 35 
8.13 7.6 0.31 18.3 35 
7 .97 6.8 0.32 18.2 35 
8.12 7.5 0.32 18.2 36 
8.14 7.5 0.31 18.3 35 

7.96 7.&' 0.45 18.4 37 
8.13 7.6 
8.06 7.3 
8.12 7.5 
8.05 7.4 

0.49 18.3 38 
0.50 18.6 37 
0.55 18.0 38 
0.48 18.0 37 

8.06 7.4 0.61 18.6 37 
8.10 7.4 0.68 18.2 37 
8.07 7.5 0.63 I 8.4 36 
8.15 7.4 0.64 18.2 38 
8.02 6.9 0.65 18.6 37 

8.09 7.4 0.84 18.4 37 
8.07 7.3 0.84 18.4 36 
8.00 7.2 0.83 18.4 38 
7.99 7.0 0.92 18.4 36 
8.05 7.0 0.82 18.4 36 

8.06 7.2 1.19 18.3 37 

7.96 6.8 0.31 18.0 35 
8.18 7.6 1.19 18.6 38 



APPENDIX TABLE 1 (Coard) 

Cith.arlddl&p ~ 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Dates: vrT • 1 /119S 
HSW-2 

Concentration DayO Dayl Day:2 DllJ'3 Day4 

!%} R!:t! EH DO NB3 •c Sa.I EH DO NB3 •c Sa.I EH DO NH3 ·c Sal EH DO NB3 ·c Sa.I EH DO NB3 ·c Sa.I 

0.06 l 8.02 9.0 0.17 16.3 34 7.98 7.6 0.20 15.5 34 8.06 7.0 0.19 17.9 34 7.99 8.2 0.34 17.8 34 8.08 7.3 0.47 18.8 37 
2 8.04 7.6 0.20 15.2 34 8.13 7.2 0.19 17.7 34 8.13 8.3 0.29 17.6 34 8.17 7.4 0.42 17.9 38 

3 8.05 7.8 0.20 15.2 34 8.14 7.3 0.19 17.7 34 8.13 8.4 0.29 17.6 34 8.15 7.6 0.41 18.0 37 
4 8.00 7.6. 0.19 15.4 34 8.06 7.1 0.19 17.9 34 8.06 8.4 0.29 17.8 34 8.07 7.3 0.41 18.2 37 
5 7.94 7.6 0.18 15.3 34 8.02 6.8 0.20 17.9 34 8.01 8.2 0.37 17.9 34 8.04 7.4 0.47 18.2 37 

0.125 l 8.05 9.2 0.29 16.2 34 7.98 7.6 0.29 15.4 34 8.13 7.2 0.28 17.9 34 8. II 8.2 0.42 17.9 34 8.15 7.4 0.53 18.2 38 
2 7.93 7.5 0.19 15.4 34 8.08 7.1 0.25 18.0 34 8.07 8.4 0.36 18.0 34 8.09 7.5 0.48 18.5 37 
3 7.91 6.4 0.21 15.6 34 8.09 7.2 0.25 18.3 34 8.07 8.2 0.34 18.2 34 8.10 7.4 0.45 18.6 37 
4 7.78 7.4 0.22 15.5 34 1.'.l') 6.6 0.25 18.l 34 7.94 7.6 0.35 18.0 34 7.94 6.6 0.45 18.3 37 

s 7.88 4.5 0.22 15.5 34 8.06 7.0 0.23 18.0 34 8.04 8.2 0.34 18.0 34 8.08 7.3 0.43 18.3 36 

o.25 l 7.98 9.1 0.62 16.2 34 7.74 4.8 0.38 15.5 34 8.01 6.6 0.37 18.0 34 7.94 8.2 0.52 18.0 34 8.03 7.1 0.64 18.2 36 
2 7.78 5.8 0.38 15.3 34 8.07 7.0 0.34 18.0 34 8.03 8.0 0.48 17.9 34 8.11 7.2 0.58 18.2 37 
3 7.77 5.8 0.36 ·15.3 34 8.05 7.0 0.35 18.0 34 8.01 8.2 0.49 17.9 34 8.06 7.2 0.60 18.2 37 

4 7.77 5.9 0.37 15.2 34 8.06 6.7 0.38 17.9 34 8.02 8.0 0.56 17.7 34 8.10 7.1 0.70 18.0 37 
s 7.83 6.6 0.38 15.2 34 8.10 7.0 0.36 17.8 34 8.07 8.2 0.55 17.6 34 8.14 7.5 0.62 17.9 37 

1.5 7.91 9.0 1.18 16.0 34 7.79 5.6 0.78 15.2 34 8.09 7.0 0.58 17.9 34 8.07 8.2 0.74 17.7 34 8.13 7.5 0.89 18.0 38 
2 7.78 6.0 0.79 15.0 34 8.11 7.1 0.58 17.6 34 8.09 8.4 0.72 17.9 34 8.15 7.5 0.88 18.2 38 

3 7.59 6.0 0.84 15.5 34 8.06 7.0 0.61 18.l 34 8.08 8.2 0.74 18.0 34 8.12 7.4 0.88 18.3 36 
4 7.69 4.9 0.82 15.4 34 8.05 6.8 0.64 18.2 34 8.05 8.0 0.77 18.0 34 8.12 7.2 0.9!) 18.2 J7 
5 7.73 5.3 0.81 15.3 34 8.09 6.8 0.57 18.2 34 8.07 8.0 0.75 18.0 34 8.14 7.2 0.86 18.3 J7 

l l 7.63 9.0 2.21 16.0 34 7.64 1.0 1.39 15.4 34 
2 7.59 I.I 1.37 15.5 34 
3 7.52 0.8 1.79 15.5 34 
4 7.48 0.6 l.70 15.4 34 
s 7.47 1.0 1.71 15.4 34 

2.0 I 7.42 8.6 4.33 16.0 34 7.44 0.6 3.60 15.4 34 
l 7.43 0.6 3.54 15.3 34 
3 7.45 0.4 3.39 15.2 34 
4 7.44 0.6 3.25 15.0 34 
5 7.47 0.6 3.35 15.l 34 

Min 7.42 8.6 0.17 16.0 34 7.43 ~-4 0.18 15.0 34 7.'.l') 6.6 0.19 17.6 34 7.94 7.6 <ctl.10 17.6 34 7.94 6.6 0.41 17.9 36 
Max 8.05 9.2 4.33 16.3 34 8.05 7.8 3.60 15.6 34 8.14 7.3 0.64 18.3 34 8.13 8.4 0.77 18.2 34 8.17 7.6 0.'.l') 18.8 38 

Note: All animals dead. 



APPENDIX TABLE 2 

Citharichthys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 

Concentration Initial % % 

(%) Rep Added Day 1 Day2 Day3 Day4 Survival Survival 

Control 1 10 IO 9 9 9 90 
2 10 10 10 IO 10 100 

3 10 IO 10 10 10 100 

4 10 IO 10 10 10 100 

5 10 IO 10 10 10 100 98.0 

0.06 1 IO IO 10 10 10 100 

2 IO IO 10 10 IO 100 

3 IO IO 10 10 9 90 
4 10 IO IO IO IO 100 

5 10 IO IO 10 IO 100 98.0 

0.125 1 10 IO 10 10 IO 100 

2 10 IO IO 9 9 90 
3 10 IO 10 10 10 100 

4 10 IO IO IO IO 100 

5 10 10 10 10 10 100 98.0 

0.25 1 10 IO 10 10 10 100 
2 10 9 9 9 9 90 
3 10 IO 10 10 10 100 
4 10 IO 10 IO 10 100 
5 10 10 10 10 10 100 98.0 

0.5 1 10 9 0 0 
2 10 IO 0 0 
3 IO 8 0 0 
4 IO IO 0 0 
5 10 8 8 8 8 80 16.0 

1 1 10 0 0 
2 IO 0 0 
3 IO 0 0 
4 10 0 0 
5 10 0 0 0.0 

2 1 10 0 0 

2 10 0 0 
3 IO 0 0 
4 10 0 0 
5 10 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 2 (Cont'd) 

Citharichlhys stigmaeus 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 
Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.06 1 IO IO IO 9 9 90 
2 IO IO IO IO IO 100 
3 IO IO IO IO IO 100 
4 IO IO IO IO IO 100 
5 IO IO IO IO 9 90 96.0 

0.125 1 IO IO IO IO 9 90 
2 10 IO IO IO IO 100 
3 IO 10 IO IO IO 100 
4 IO IO IO IO 9 90 
5 10 9 9 9 8 80 92.0 

0.25 1 10 IO IO IO 10 100 
2 10 10 10 IO 10 100 
3 IO 10 9 9 8 80 
4 IO 9 9 9 8 80 
5 10 9 9 9 9 90 90.0 

0.5 1 IO 10 10 10 8 80 
2 IO IO 10 10 IO 100 
3 10 10 9 9 9 90 
4 IO 10 IO 10 10 100 
5 IO 9 9 9 9 90 92.0 

1 1 IO 0 0 
2 10 0 0 
3 10 0 0 
4 IO 0 0 
5 10 0 0 0.0 

2 1 10 0 0 
2 IO 0 0 
3 IO 0 0 
4 IO 0 0 
5 IO 0 0 0.0 

Note: - = All animals dead. 



APPENDIX TABLE 3 

Citharichthys stigmaeus 
WATER QUALITY MEASUREMENTS 

FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration Day0 Day 1 

(mg/I.) Rep pH DO oc Sal pH DO oc Sal 

Control 1 8.03 9.0 16.8 34 7.55 5.0 16.2 34 

2 7.55 5.0 16.2 34 
3 7.55 5.0 16.2 34 

1.6 1 8.03 9.0 16.9 34 7.53 4.9 16.1 34 
2 7.51 4.9 16.2 34 
3 7.53 4.8 16.2 34 

3.1 1 8.03 8.9 17.0 34 7.49 4.8 16.2 34 
2 7.44 4.8 16.2 34 
3 7.49 4.7 162 34 

6.25 1 8.04 8.8 16.7 34 7.49 4.7 16.2 34 
2 7.50 4.7 16.2 34 

3 7.57 4.7 16.2 34 

12.5 1 8.05 8.8 16.7 34 7.44 4.5 16.2 34 
2 7.39 4.6 16.2 34 
3 7.36 4.7 16.2 34 

25 1 8.05 8.8 16.6 34 7.33 4.8 16.2 34 
2 7.32 4.9 16.2 34 
3 7.30 4.9 16.3 34 

Min 8.03 8.8 16.6 34 7.30 4.5 16.1 34 
Max 8.05 9.0 17.0 34 7.57 5.0 16.3 34 



APPENDIX TABLE 4 

Citharichthys stigmaeus 
SURVIVAL DATA 

FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration Initial % % 

(mg/L) Rep Added Day 1 Survival Survival 

Control 1 4 4 100 
2 4 4 100 
3 4 2 50 83.3 

1.6 1 4 4 100 
2 4 4 100 
3 4 3 75 91.7 

3.1 1 4 3 75 
2 4 3 75 
3 4 3 75 75.0 

6.25 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 

12.5 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 

25 1 4 0 0 
2 4 0 0 
3 4 0 0 0.0 



Concentration Day 0 
(%) Rep pH DO NH3 ·c Sal 

Control 1 
2 
3 
4 
5 

0.06 1 

2 
3 

4 

s 

0.125 1 
2 
3 
4 
5 

0.25 

0.5 

2.0 

Min 
Mu 

2 
3 
4 
5 

2 
3 
4 
5 

1 
2 
3 
4 
5 

2 
3 
4 
5 

8.07 9.0 17.1 34 

8.02 9.0 0.25 17.9 34 

7.96 8.8 0.48 18.0 34 

7.90 8.8 0.94 18.0 34 

7.92 8.8 1.80 17.9 34 

7.74 8.6 3.41 17.9 34 

7.63 8.8 6.60 17.6 34 

7.63 8.6 0.25 17.1 34 
8.07 9.0 6.60 18.0 34 

Note: - = All animals dead. 

APPENDIX TABLE 5 

M111dop1u 6ahia 

WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Study Data: 611:7 - 711195 

Day 1 
pH DO NIO °C Sal 

8.11 
8.14 
8.13 
8.14 
8.16 

7.98 
8.06 

8.04 
8.06 

8.0 <0.01 16.5 34 
8.0 16.3 34 
8.0 16.3 34 
8.0 16.4 34 
8.0 16.4 34 

7.8 0.11 16.2 34 
7.8 16.1 34 
7.8 16.0 34 

7.8 16.1 34 
8.12 8.0 16.1 34 

7.78 
7.73 
7.98 
8.02 
7.94 

6.2 0.22 16.2 34 
6.2 L 16.2 34 
7.8 16.1 34 
7.8 16.0 34 
7.6 16.2 34 

7.75 7.1 0.41 16.2 34 
7.82 7.5 16.2 34 
7.86 7.4 
7.95 7.6 
7.90 7.4 

16.1 34 
16.1 34 
16.2 34 

7.80 6.9 0.81 16.3 34 
7.82 7.3 
7.74 6.2 
7.66 5.5 
7.71 6.2 

16.2 34 
16.2 34 
16.1 34 
16.2 34 

7.64 
7.64 
7.65 

2.8 1.91 16.3 34 
3.4 16.2 34 
3.6 16.2 34 

7.63 3.2 
7.64 3.6 

16.3 34 
16.2 34 

7.46 1.2 3.51 16.5 34 
7.44 1.0 16.3 34 
7.45 2.0 
7.50 2.7 
7.46 0.6 

16.2 34 
16.2 34 
16.4 34 

7.44 0.6 <0.01 16.0 34 
8.16 8.0 3.51 16.5 34 

HSW-1 

Day2 
pH DO NH3 •c Sal 

8.25 
8.23 
8.17 
8.22 
8.24 

8.10 
8.17 
8.13 
8.18 

7.4 18.2 34 
7.4 0.02 18.3 34 
7.4 18.3 34 
7.4 18.3 34 
7.4 18.2 34 

7.2 18.3 34 
7.2 0.08 18.2 34 
7.2 18.2 34 
7.2 18.2 34 

8.22 7.3 18.2 34 

8.16 
7.95 
8.10 
8.18 
8.14 

7.2 18.2 34 
5.9 0.15 18.2 34 
7.0 18.1 34 
7.2 18.2 34 
7.2 18.3 34 

8.04 7.0 18.2 34 
8.10 7.0 0.32 18.2 34 
8.13 7.2 
8.20 7.4 
8.12 7.2 

8.20 7.2 

18.1 34 
18.2 34 
18.3 34 

18.2 34 
8.22 7.2 0.63 18.0 34 
8.17 7.1 18.0 34 
8.20 7 .2 18.2 34 
8.20 7 .2 18.3 34 

8.12 6.6 18.4 34 
8.14 6.6 1.32 18.4 34 
8.15 6.7 18.3 34 
8.11 6.6 
8.13 6.6 

18.4 34 
18.5 34 

7.95 5.9 0.02 18.0 34 
8.25 7.4 1.32 18.5 34 

Day3 
pH DO NH3 •c Sal 

8.17 
8.18 
8.09 
8.24 
8.28 

8.14 
8.18 
8.12 
8.17 

8.4 
8.6 
8.6 
8.6 
8.6 

18.0 34 
18.0 34 

0.03 18.1 34 
18.1 34 
18.0 34 

8.6 18.0 34 
8.6 18.0 34 
8.6 0.11 17.9 34 

8.6 17.9 34 
8.22 8.7 17.9 34 

8.13 
7.90 
8.14 
8.18 
8.16 

8.10 
8.14 
8.13 
8.22 
8.14 

8.6 
8.6 
8.4 
8.6 
8.6 

18.0 34 
17.9 34 

0.22 17.9 34 
17.8 34 
17.9 34 

8.5 18.0 34 
8.4 17.9 34 
8.6 0.47 17.8 34 
8.6 17.7 34 

8.6 17.9 34 

8.25 8.6 18.0 34 
8.28 
8.23 
8.26 
8.30 

8.23 
8.26 

8.6 17.9 34 
8.6 0.83 17.9 34 
8.6 17.9 34 
8.6 17.9 34 

8.6 
8.6 

18.2 34 
1.54 18.0 34 

8.29 8.6 18.1 34 

7.90 8.4 0.03 17.7 34 
8.30 8.7 1.54 18.2 34 

Day4 

pH DO NH3 °C Sal 

8.20 
8.20 
8.13 
8.20 
8.26 

8.11 
8.15 
8.11 
8.15 

7.7 
7.7 
7.7 
7.6 
7.7 

7.4 
7.6 
7.5 
7.5 

8.20 7.6 

8.13 
8.00 
8.10 
8.17 
8.14 

7.6 
6.6 
7.5 
7.5 
7.6 

8.08 7.5 
8.11 7.4 
8.12 7.4 
8.20 7.5 
8.14 7.6 

8.23 7.4 
8.23 
8.26 
8.21 
8.25 

8.24 
8.29 

7.3 
7.4 
7.4 
7.4 

7.3 
7.4 

18.3 36 
18.4 36 
18.4 35 

0.06 18.5 35 
18.3 36 

18.4 35 
18.2 36 
18.2 35 

0.14 18.2 36 
18.2 36 

18.4 35 
18.2 35 
18.2 35 

0.26 18.2 35 
18.3 35 

18.4 35 
18.2 35 
18.2 35 

0.51 18.2 35 
18.3 35 

18.4 35 
18.3 35 
18.2 35 

0.93 18.3 35 
18.3 36 

18.5 35 
18.4 35 

8.31 7.3 1.61 18.4 35 

8.00 6.6 0.06 18.2 35 
8.31 7.7 1.61 18.5 36 



APPENDIX TABLE 5 (Cont'd) 

M111dop1u bahu, 
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST 

Stoct, Data: 6/rT - 7/1/95 
HSW-2 

ConcenlraliM Day 0 Day 1 Day2 Day3 Day4 

(%) Rg? 2" DO NH3 ·c Sal 2" DO NH3 °C Sal 2H DO NH3 ·c Sal 2H DO NH3 ·c Sal 2H DO NH3 ·c Sal 

0.06 8.01 9.0 0.17 18.6 34 8.07 7.8 0.19 16.5 34 8.22 7.1 18.4 34 8.18 8.4 18.0 34 8.22 7.7 18.5 35 

2 8.07 7.6 16.4 34 8.18 7.2 0.09 18.4 34 8.15 8.6 18.0 34 8.16 7.6 18.4 35 

3 8.10 7.8 16.4 34 8.20 7.3 18.4 34 8.18 8.6 0.12 17.9 34 8.18 7.6 18.3 35 

4 8.12 7.8 16.3 34 8.22 7.4 18.3 34 8.20 8.6 17.9 34 8.20 7.7 0.15 18.2 35 

5 8.16 7.8 16.3 34 8.24 7.4 18.3 34 8.22 8.6 18.0 34 8.23 7.7 18.3 35 

0.125 l 8.02 9.0 0.29 18.6 34 8.12 7.8 0.20 16.4 34 8.23 7.4 18.4 34 8.20 8.6 17.9 34 8.22 7.7 18.4 35 

2 8.14 7.8 16.4 34 8.25 7.3 0.12 18.3 34 8.20 8.6 17.9 34 8.25 7.8 18.3 35 

3 8.05 7.6 16.3 34 8.18 7.2 18.3 34 8.13 8.6 0.18 17.9 34 8.16 7.6 18.2 35 

4 8.09 7.8 16.2 34 8.20 7.3 18.2 34 8.20 8.6 17.9 34 8.22 7.6 0.20 18.2 35 

5 8.12 7.8 16.2 34 8.24 7.4 18.2 34 8.21 8.6 17.9 34 8.23 7.6 18.2 35 

0.25 7.97 9.0 0.62 18.6 34 7.93 7.0 0.36 16.4 34 8.16 7.2 18.4 34 8.11 8.4 17.9 34 8.18 7.6 18.4 35 

2 7.92 7.4 • 16.3 34 8.17 7.2 0.25 18.3 34 8.14 8.4 17.9 34 8.22 7.6 18.2 35 

3 7.92 7.3 16.2 34 8.18 7.2 18.3 34 8.12 8.4 0.36 17.9 34 8.21 7.6 18.2 35 

4 8.02 7.4 16.2 34 8.22 7.4 18.2 34 8.12 8.5 17.9 34 8.25 7.6 0.41 18.2 35 

5 8.01 7.6 16.2 34 8.24 7.4 18.2 34 8.21 8.6 17.9 34 8.25 7.7 18.2 35 

0.5 1 7.94 9.0 1.18 18.6 34 7.93 6.8 0.62 16.4 34 8.26 73 183 34 8.22 8.6 17.9 34 8.27 7.6 18.3 36 

2 7.90 6.4 16.3 34 8.25 7.3 0.51 18.3 34 8.20 8.4 17.9 34 8.27 7.6 18.2 35 

3 7.86 6.1 16.2 34 8.22 7.2 18.3 34 8.20 8.6 0.64 17.9 34 8.26 7.5 18.2 35 

4 7.80 4.8 16.3 34 8.22 7.2 18.2 34 8.18 8.5 17.9 34 8.26 7.6 0.73 18.2 35 

5 7.75 4.7 16.2 34 8.18 7.2 18.2 34 8.04 8.4 17.9 34 8.17 7.6 18.2 35 

7.84 8.8 221 18.6 34 7.77 6.4 1.33 16.4 34 8.23 7.2 18.3 34 8.27 7.9 17.9 34 8.28 7.4 18.3 35 

2 7.66 5.0 16.3 34 8.15 7.0 1.06 18.3 34 8.26 8.3 17.9 34 8.27 7.4 18.3 35 

3 7.69 6.2 16.3 34 8.18 7.0 18.3 34 8.29 8.4 1.19 17.9 34 8.29 7.4 18.2 35 

4 7.70 5.4 16.2 34 8.20 7.0 18.2 34 8.26 8.6 17.9 34 8.24 7.2 1.36 18.2 35 

5 7.68 5.8 16.2 34 8.19 7.0 18.2 34 8.27 8.6 17.9 34 8.23 7.2 18.2 35 

2.0 7.72 8.6 4.33 18.5 34 7.64 1.6 280 16.4 34 8.22 7.0 18.4 34 

2 7.60 0.6 16.3 34 8.16 6.1 226 18.3 34 

3 7.62 1.6 16.3 34 8.16 6.7 18.3 34 

4 7.58 0.4 16.3 34 8.12 6.4 18.3 34 
5 7.55 0.4 16.3 34 8.11 6.2 18.2 34 

Min 7.72 8.6 0.17 18.5 34 7.55 0.4 0.19 16.2 34 8.11 6.1 0.09 18.2 34 8.04 7.9 0.12 17.9 34 8.16 7.2 0.15 18.2 35 

Mu 8.02 9.0 4.33 18.6 34 8.16 7.8 280 16.5 34 8.26 7.4 226 18.4 34 8.29 8.6 1.19 18.0 34 8.29 7.8 1.36 18.5 36 

Note: - = All animals dead. 



APPENDIX TABLE 6 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-1 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Dav4 Survival Survival 

Control 1 10 9 9 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 98.0 

0.06 1 10 10 10 10 10 100 

2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 10 10 10 10 100 100.0 

0.125 1 10 9 9 9 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 10 10 100 
5 10 9 9 9 9 90 96.0 

0.25 1 10 10 • • 7 70 

2 10 10 • • 10 100 

3 10 10 • • 8 80 
4 10 9 • • 6 60 
5 10 10 • • 10 100 82.0 

0.5 1 10 • • • 5 50 

2 10 • • • 7 70 

3 10 • • • 7 70 

4 10 • • • 10 100 
5 10 • • ,. 8 80 74.0 

1 1 10 • 0 0 

2 10 • • • 2 20 

3 10 • • • 0 0 
4 10 • 0 0 
5 10 • • • 0 0 4.0 

2 1 10 0 0 
·2 10 0 0 

3 10 0 0 
4 10 0 0 
5 10 0 0 0.0 

Notes: - = All animals dead. 
• Sample too turbid to do counts. 



APPENDIX TABLE 6 (Cont'd) 

Mysidopsis bahia 
SURVIVAL DATA FOR EFFLUENT TEST 

HSW-2 

Average 

Concentration Initial % % 

(%) Rep Added Dayl Day2 Day3 Day4 Sunival Survival 

0.06 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 
4 10 10 10 9 9 90 

5 10 10 9 9 9 90 96.0 

0.125 1 10 10 10 10 10 100 

2 10 10 10 10 10 100 

3 10 10 10 10 9 90 

4 10 10 10 10 10 100 

5 10 10 10 10 10 100 98.0 

0.25 1 10 • • 10 10 100 

2 10 • • 10 9 90 

3 10 • • 10 10 100 

4 10 • • 9 9 90 

5 10 • • 10 10 100 96.0 

0.5 1 10 • • • 5 50 
2 10 • • • 6 60 
3 10 • • • 7 70 
4 10 • • • 7 70 
5 10 • • • 6 60 62.0 

1 1 10 • • • 1 10 
2 10 • • • 0 0 

3 10 • • • 2 20 

4 10 • • • 0 0 

5 10 • • • 2 20 10.0 

2 1 10 * 0 0 
2 10 • 0 0 

3 10 • 0 0 

4 10 • 0 0 
5 10 • 0 0 0.0 

Notes: - = All animals dead. 

• Sample too turbid to do counts. 



APPENDIX TABLE 7 

Mysidopsis bahia 

WATER QUALITY MEASUREMENTS 
FOR REFERENCE TOXICANT (S.D.S) TEST 

Concentration DayO Day 1 Day2 Day3 Day4 

(mg/L) Rep pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal pH DO oc Sal 

0.7 1 8.07 9.0 17.5 34 8.11 7.8 16.5 34 8.09 6.8 18.6 34 7.98 7.8 18.4 34 7.77 6.3 18.7 35 

2 8.10 7.8 16.3 34 8.08 6.8 18.5 34 8.00 8.0 18.2 34 7.82 6.5 18.6 35 

3 8.10 7.7 16.2 34 8.07 6.6 18.4 34 8.00 8.0 18.0 34 7.84 6.4 18.5 35 

1.2S 1 8.08 9.0 17.6 34 8.07 7.3 16.4 34 8.04 6.4 18.5 34 7.97 8.0 18.2 34 7.84 6.5 18.6 35 

2 8.08 7.3 16.4 34 8.05 6.6 18.5 34 7.98 7.8 18.2 34 7.85 6.4 18.6 35 

3 8.08 7.3 16.2 34 8.06 6.6 18.4 34 7.98 7.8 18.l 34 7.85 6.4 18.6 35 

2.S 1 8.08 9.2 17.6 34 8.05 7.0 16.4 34 8.03 6.6 18.5 34 7.96 7.8 18.2 34 7.86 6.2 18.5 35 

2 8.04 6.8 16.3 34 8.03 6.6 18.5 34 7.97 7.8 18.1 34 7.87 6.3 18.5 35 

3 8.04 6.8 16.2 34 8.04 6.6 18.5 34 7.98 7.8 18.l 34 7.87 6.3 18.5 35 

s 1 8.08 9.2 17.6 34 7.99 6.0 16.5 34 7.96 6.0 18.5 34 7.89 7.0 18.2 34 7.84 5.8 18.6 35 

2 7.98 5.8 16.4 34 7.96 6.0 18.5 34 7.90 7.1 18.1 34 7.80 5.7 18.5 35 

3 7.98 5.8 16.2 34 7.98 6.2 18.5 34 7.92 7.3 18.1 34 7.81 5.8 18.5 35 

10 1 8.08 9.2 17.6 34 7.93 5.0 16.5 34 7.87 5.2 18.6 34 7.87 7.3 18.2 34 7.82 6.0 18.6 35 

2 7.92 5.1 16.3 34 7.83 5.2 18.5 34 7.86 7.3 18.1 34 7.85 6.3 18.5 35 

3 7.92 4.9 16.2 34 7.83 5.1 18.5 34 7.87 7.4 18.1 34 7.86 6.5 18.5 34 

20 1 8.09 9.2 17.6 34 7.92 4.9 16.4 34 7.73 4.8 18.6 34 7.75 5.8 18.3 34 7.79 6.1 18.6 34 

2 7.93 4.9 16.4 34 7.69 4.7 18.5 34 7.70 5.3 18.2 34 7.75 6.1 18.6 34 

3 7.93 5.0 16.2 34 7.68 4.8 18.5 34 7.68 5.1 18.2 34 7.74 6.0 18.5 34 

Min 8.07 9.0 17.5 34 7.92 4.9 16.2 34 7.68 4.7 18.4 34 7.68 5.1 18.0 34 7.74 5.7 18.5 34 

Max 8.09 9.2 17.6 34 8.11 7.8 16.5 34 8.09 6.8 18.6 34 8.00 8.0 18.4 34 7.87 6.5 18.7 35 

Note: - = All animals dead. 



APPENDIX TABLE 8 

Mysidopsis bahia 
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST 

Average 
Concentration InJtial % % 

(mg/L) Rep Added Dayl Day2 Day3 Day4 Survival Survival 

0.7 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 10 9 9 90 96.7 

1.25 1 10 10 10 10 10 100 
2 10 10 10 9 9 90 
3 10 10 10 10 10 100 96.7 

2.5 1 10 10 10 10 9 90 
2 10 10 10 10 10 100 
3 10 10 10 10 10 100 96.7 

5 1 10 10 10 10 10 100 
2 10 10 10 10 10 100 
3 10 10 9 9 9 90 96.7 

10 1 10 10 10 9 8 80 
2 10 10 10 10 10 100 
3 10 10 10 8 8 80 86.7 

20 1 10 2 1 1 1 10 
2 10 7 6 6 6 60 
3 10 8 3 3 3 30 33.3 

Note: - = All animals dead. 



Appendix 8 
Calculation of Entrainment Adjustment 



APPENDIX B 

MATHEMATICAL MODELING 

OF FISH WASTE DISPOSAL IN DEEP WATER 

FINAL 
ENVIRONMENTAL IMPACT STATEMENT 

FOR THE DESIGNATION 
OF AN OCEAN DISPOSAL SITE FOR FISH CANNERY WASTES 

OFF TUTUILA ISLAND, AMERICAN SAMOA 



B-1 

1. INTRODUCTION 

The purpose of this study is to predict the fate of fish processing 

wastes which are discharged at the present dumpsite off Tutuila Island, 

American Samoa in the South Pacific. The center point of the 1.5 nautical 

mile (n mi) diameter dumpsite is located at 110°40.87'W and 14°22.18'S. 

and is about 3.3 n mi due east of Sail Rock Point on Tutuila Island. 

The preferred dumpsite selected in the FEIS is located at 

170°38.JO'W and 14°24.00'S, southeast of the present site. The model 

studies in this section were performed using the present site and knO\lln 

oceanographic conditions and waste characteristics, but the results are 

equally applicable to the preferred site under present waste loadings. 

The waste is expected to undergo rapid initial mixing after 

discharge. Since the gross bulk density of the fish waste is between 0.72 

and 0.99 gm/ml, the majority of the plume will remain near the ocean 

surface i1m1ediately after being discharged from the ship. Since the model 

developed by Koh and Chang (1973) was designed to simulate disposal of 

wastes that are heavier than the sea water, a new mathematical model has 

been formulated specifically for this study to predict the fate of the 

floating plume. This model can simulate the diffusion (lateral and 

vertical) and settling of the waste particles while the plume is advected 

in the direction of the ambient current. Most of the data used in the 

simulations were obtained from the reports published by Soule and Oguri 

(1983 and 1984) but subsequent monitoring data in 1987 and 1988 (See 

Appendix A) are consistent with the previously published data. The 

results of the simulations are presented in terms of dilution as a 

function of time after discharge, and/or distance and time from the 

discharge location. The simulations have been performed for two density 
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profiles (summer and winter), three ambient currents (0.2, 0.4, and 0.8 

knots), and three particle settling velocities (1. 0.1, and 0.01 cm/sec). 

The waste plume is advected downstream by the ambient current. The 

direction of the ambient current varies with the season and the time of 

measurement. Some drogue ~,t.udies by Soule and Oguri (1984) indicate 

movement toward the southwest direction while some 1987 current meter data 

indicate movement in the northwest direction. A close examination of the 

current direction based on the data published in the U.S. Navy Marine 

Climatic Atlas of the World {1979) for the region under study also 

indicates a SW direction. The prevailing south equatorial current 

indicates the direction is from SE toward NW. In order to cover several 

possible scenarios several current directions are used for simulation. 

Since no data were ascertained for the settling velocity of the 

waste particles of the Samoa plant, velocities of 1, 0.1, and 0.01 cm/sec 

have been used in the calculations to cover the possible range of settling 

velocities. It is possible to distinguish the waste particles into three 

categories according to the density of the particles: (a) particles that 

are buoyant will form a thin layer floating at the ocean surface; (b) 

particles that are neutrally buoyant will be mixed and dispersed within 

the mixed layer (the mixed layer is the surface layer of the ocean 

extending from the ocean surface to the thermocline); <c) particles that 

are heavier than sea water will sink as the layer of waste particles is 

advected by the ambient current. 

2. DEVELOPMENT OF MATHEMATICAL MODEL 

Based on the data contained in Soule and Oguri ( 1983), the bulk 

densities of the fish processing wastes generated by Star-Kist Samoa and 

Samoa Packing are 0.72 to 0.96 gm/ml and 0.99 gm/ml, respectively. Recent 
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data on the specific gravity tests of the cannery waste provided to us on , \ lQ\ 
November 13, 1987 indicate a range of 0.99 to 1.923 gm/ml have been 1~s1 
measured. Thus the possible settling velocity of the particulates in the t 'f--. 

plume is covered in our range of simulation. The tuna fish waste dis-

charged from the ship is predominantly buoyant in sea water. lnmediately 

after being discharged by the vessel pumps it undergoes rapid, near field, 

initial mixing similar to mixing in a jet. Because the discharge vessel 

circles around within the discharge zone, it is reasonable to assume that 

this nearfield mixing process, in combination with the ship's track and 

the prevailing current, would (1) establish an initial zone of width Land 

depth H within which th~ mean concentration is Co, and (2) the plume would 

drift downstream emanating from this initial zone. The dimension L would 

be expected to be aoproximately the turning diameter of the discharge 

ship. The concentration Co would correspond to the dilution obtained by 

the discharge jet as it is propelled downward and then returns towards the 

surface. The dimension H would be obtained such that where Q is the 

UL H Co = Q ( 2. , ) 

discharge rate of the tuna fish waste and U is the magnitude of the 

prevailing current. It can be visualized that the initial plume to be 

advected by the ambient current has a concentration Co with the plume 

width Land the plume depth extending from the ocean surface downward by a 

value of H. 

Each discharge episode·would have a duration T. We sha 11 assume 

that the prevailing current can be regarded as constant during that time. 

Then a plume of length UT would be generated as a result of the discharge 

episode. 

Along the length of the plume, the concentration would decrease from 
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Co due to lateral mixing. Longitudinal diffusion will be probably small. 

Diffusion of waste effluent in an ocean current was analyzed by 

Brooks (1960), taking into account the increase of the eddy diffusivity as 

the waste field spreads. 

The basic differential eQuation, based on the principle of conserva

tion of mass, for the substance being diffused is: 

( 2. 2) 

where the spatial coordinate x represents longitudinal direction {in the 

direction of ambient current) and y represents the lateral direction. The 

three terms in the above equation represents the rates of concentration 

decay per unit volume due to lateral diffusion, longitudinal advection and 

apparent dieoff respectively. 

Incorporating an exponential decay term to take care of the d1eoff 

term in Equation 2.2 such as 
, -Kx/U 

C = 7->e (2.3) 

would transform the equation 1nto a simpler differential equation 

(~ = u .!¢ 
)y ox (2.4) 

The function¢ is the concentration without any dieoff effect; it is a 

function of x and y. 

An additional change of variable: E= [of(x) and dx' = f(x)dx would allow 

one to transform Equation 2.4 to the classical heat equation as follows: 

(2.5) 

where E, 0 is the eddy diffusivity at x=O. 

An exact solution to Equation 2.5, therefore, Equation 2.2 can easily be 

found as: 
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C(x,y) = 
-Kx/U1.E. Co e 2 

2)7TEot' _..Q e 

( ::!- :1'1" 
- 4£.t' 

dy (2.6) 

.z 

in which t = x' /Uhas been used, Co is the initial waste concentration at 

x=0, for -b/2 < y < b/2. 

The integral in Equation 2.6 can be arranged to become the well known 

error function defined as 

erf z = ( 2 /,,Jrf )l'exp ( - .5') d-,; ( 2. 7 J 

We further introduce the concentration Cmax(x) as the concentration of the 

waste plume at y=0 and neglect the dieoff effect ( i.e. set k=O.), this 

would yield a conservative estimation. We also assume that the lateral 

diffusivity can be expressed as 

£ = 
4/3 

A L ( 2. 8) 

where L is a length parameter proportional to the lateral width of the 

plume and A is a proportionality constant. 

Thus. the maximum concentration at the center line of the plume can be 

simplified to be 

Cmax 1.5 
= erf{ [ --------- J112 } (2.9) 

Co (1 + 8 At/ L213)1 - 1 

The error function in EQuation 2.9 has been defined in Equation 2. 7, and t 

- is defined as x/U with x denoting the distance downstream from the initial 

dumping location. 

For the waste with settling velocity Ws, it can be readily 

visualized that the combination of lateral diffusion, downstream advection 

by current, and settling can be schematised to a very good approximation 

by taking an x' coordinate inclined to the original downstream x 

coo rd i n ate by an an g 1 e O = t an - 1 ( w s / U ) , as shown i n F i g u re 2 - , . 
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Figure 2-1. Definition sketch of the longitudinal direction 

with the effects of settling velocity. 
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Physically we are simply following the particles down with a velocity Ws 

while they are being advected downstream at speed U. The reduct ion in 

concentration still obeys the same formula as in Equation 2.9 except that 

the velocity along x' should be u~ Jcu2 + ws 2 ). Butt= x/U = x/ ;u' and 

hence the evaluation of Equation 2.9 needs only to be performed once for 

all Ws. Only the vertical location needs to be changed for each of the 

particle classes with differing fall velocities. 

The effect of vertical diffusion can be incorporated approximately 

by deducing a concentration reduction factor based on vertical diffusion. 

For this purpose we assume Fickian diffusion with a diffusion coefficient 

Kv. Then it can be readily deduced that the concentration reduction 

factor due to vertical diffusion is approximately 

H/4 
(2.10) 

The quantity in the denominater is simply the characteristic 

vertical dimension (standard deviation) of the plume whose initial 

dimension is H/4. Combining this with the reduct~~n due to 

diffusion gives 

Cmax. H/4 1. 5 
= erf{ [ )1 /2 } 

Co (2Kvt+H2/16)1I2 (1 + 8At/L2/3)3 - 1 

where the vertical location of the centroid y is 

y = Ws t = Ws X / u 

lateral 

(2.11) 

(2.12) 

The above formulation retains all the essence of the complicated 

diffusion process in an ocean current. It is believed that this model 

provides a good and valid estimate of the mixing, transport, and diffusion 

of the tuna fish waste. 

3. RESULTS OF MATHEMATICAL MODELING 
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Tbe mathematical model developed in Section 2 was used to simulate 

the fate of the discharged fish processing wastes with the available data. 

The data used in the simulations are first presented. Then the results 

are presented in terms of dilution as a function of time after discharge 

and distance from the discharge location. According to Fischer et al. 

(1979), dilution usually is defined as the ratio of the total volume of a 

sample to the volume of effluent contained in the sample. Thus the volume 

fraction of effluent in a sample is equal to the reciprocal of dilution. 

3. 1 Data used for Simulations 

The following input data are obtained from Soule and Oguri (1983): 

Ambient Current Velocity 

Ambient Density Profiles 

Dumpsite Water Depth 

Discharge Rate 

Sludge Bulk Density 

Sludge Tank Capacity 

Dump Vessel Key Dimensions 

Oto 0.8 knots 

summer. winter 

1.46 km (800 fathoms) 

500 to 1400 gpm 

(1.89 cu m/m1n to 5.30 cum/min) 

0.72 to 0.96 gm/ml 

0.99 gm/ml 

Star-I\ i st 

Van Camp 

24000 gal (90.85 cum) 

Length = 
Beam = 
Draft = 

49.0 m 
8. 1 m 
3.35 m 

The radius of the dumping circle circumscribed by the dump vessel 1s 

0.2 n mi. Also, the pumping rate of the sludge is 140 gpm per knot of 

vessel speed which can go up to 10 knots. Thus, for our simulation a range 

of discharge rates between 500 gpm and 1400 gpm is used. The discharge of 

the fish waste is completed within a time period during which the current 

direction does not change. For example, with the sludge tank capacity of 

24,000 gallons and the discharge rate of 500 gpm the estimated discharge 
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period would be 48 minutes. It is reasonable to assume that the direction 

of the current would not be altered during this period. 

Data of the ambient current velocity in the vicinity of the dumpsite 

are also available from the drogue and waste plume tracking studies 

conducted by Soule and Oguri ( 1984) and 1987 permit monitoring data. 

According to the drogue tracking studies, the speed of the surface current 

ranges from 0.39 to 0.94 knots. The waste plume was observed to move at 

an average soeed of 0.67 knots. These values of the ambient current soeed 

are in good agreement with the values (0.4 to 0.8 knots) published 1n the 

U.S. Navy Marine Climatic Atlas of the World (1979l. The oreva 1 l mg 

surface current patterns in the South Pacific Ocean for the summer ana 

winter seasons are shown in Figures 3-1 and 3-2. respectively. Therefore. 

current speeds of 0.2, 0.4, and 0.8 knots have been used in the 

simulations. 

Two ambient density profiles have been used in the simulations to 

account for the summer and winter seasons. Typical sea water temperature 

and salinity profiles for the summer and winter seasons are shown in 

Tables 3-1 and 3-2, respectively. These profiles were obtained from Soule 

and Oguri (1983) who conducted cruise studies in the vicinity of the 

dumpsite. As shown in Table 3-1, the temperature data were obtained to a 

water depth of 24.5 m. However, a thermocline would be present in the 

sunvner season. Hence, a thermocl ine is assumed to be present at a water 

depth of about 100 - 200 m based on the data available for the Southern 

Pacific Ocean. 

looks like this: 

The sea water temperature profile for the summer season 

0 to 100 m 
100 to 200 m 
below 200 m 

same as shown in Table 3-1 
a temperature gradient of e0 c / 50 m 
a temperature gradient of 1.2°c / 50 m 
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Table 3-1 

Star-Ki~t - Van Camp 
CrtUISC: NONI-OH P/\-AHERICl\11 SAMOA VES:;::L: /\117:=::L i: O/\T:C::: 21 Jan. 198:2 

WEi\TIICR: See Cruise Report 5-;:,\ 57,;~~: See Cruise Report T:oc: High; 1710, 2.6ft. 

Station Depth Time Temp Sal DO pH \T s~ :::::hi FU NH.3 BOD TOC 00 
m oc o/ mg/Z m I.Jg-'.it/Z. mq/Z mg/Z 1~:...,kle r 

00 

TP05 0 1045 29.B 36.J 5.9 8.4 55 ) 6 4.5 5.4 

) 29.9 36.8 6.1 8.4 85 ).5 5.4 

6 29.5 37.0 6 .1 8.4 90 5.6 

10 29.4 37.0 6.1 8.4 96 ) 5.5 

15 29.4 6.0 8.5 98 

UJ 
TS06 0 1115 29.5 36.1 5.7 8.4 87 4 4 s . .i I ...... 

N 
) 29.5 )6.5 5. 5 8.4 86 5.7 

6 29.4 )6.5 5.8 8.4 91 5.8 

10 29.4 )6.8 6.0 0.5 CJ 5 5.& 

15 29.4 5.8 A.5 96 

TS07 0 11J5 29.4 )6.6 5.7 8.4 90 7 ) 7.5 5.6 

) 29.5 )6.6 6.0 8.4 88 5 5.4 

6 29.5 )6.7 5. 7 8.4 91 6 5.6 

10 29.5 )6.9 5.8 8.4 92 5.5 5.7 

15 29.5 5.8 8.5 94 

20 29.4 5.8 8.5 9) 
' 

24.5 29.4 5.8 8.5 9) 



Table 3-2 

CRUISE: NO.V..-OMPA-Star-i<..ist Samoa VSSS:C:~: Autele OAT:C:: 23 July 1982 

HCA Tm;n: Hot, cal.rn with gusts, 2-6k Si:.\ ST;.Tc: Long swells, 8-l0ft T!DE: Low 1.5 30, -0. 5 ft 

Station Depth Tu-e Temp Sal DO pH \T 5.:! c::hi ru NHJ BOD TCC 

(Map/Site l m 0 (: o/ 
00 

mg/t m 1J.g-at/l, mg/1, mg/1, 

TS E 0 1141 28. 37 34.28 6.68 8.27 J 6 
(6) 

3 2B. 33 34. 30 6.64 8.26 

6 28.25 34. 32 6.68 8.26 

10 28.24 34. 32 6.65 8.26 

15 28.24 34. JJ 6.66 8.27 

20 28.23 34. JS 6 .6 J 8.27 

• (7) 
co 

TS F 0 115 7 28.59 34.25 6.62 8. 25 4 4 
I 
~ 

(8) w 
3 28 .29 34. Jl 6.60 8.26 

6 2B.2':i 34. Jl 6. 41 8.26 

10 28 .25 34. 22 6.H l:l .27 

15 28.25 34. 32 6. 51 8.27 

20 28.25 34. 22 6.-H 8.27 

TS G 0 1:06 28 _.;4 ;4. 27 6.62 8.25 14 J 

(9 I 
J 28.21 34. 20 6.6~ 8 . .:6 

6 28.:6 34. 20 6.60 8 . .:::7 

10 28. 24 34. 21 6. 5 3 0.:1 

15 28. 2-l 24. 22 6.~:;: 8.:7 

20 28 . .:-1 34. 31 6.H 2 . .: 7 

.-I 1151 d:-::igues onl·t 
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For water depths below 100 m. the temperature gradients have been 

estimated from the data shown in Figure III.11, of this volume. A 

temperature profile as shown in Table 3-2 has been assumed for the winter 

season. The temperature gradient is about o.s0 c per 30.5m. 

3.2 Results of Simulations 

Before the simulations were performed, parameters such as A, Co, Kv, 

and L in Eouat ion 2. 11 need to be ca 1 cul ated or chosen. The parameter A 

is a constant ca11ed the dissipation parameter. The constant A relates the 

lateral diffusivity to the plume width parameter as defined in Equation 

2.8. The emoirical value of A in the ocean environment is generally from 

0.1 to 0.0001 ft 213 /sec. (See Koh & F,an 1970, page 129 for presentation 

of such data). For the study site the exact value of A is not known. 

Therefore, a median value in the range Just cited can be assumed. The 

value of A chosen for this simulation is 0.001 ft 213 /sec Since the exact 

value varies from day to day and it also depends on the currents in the 

study site, this chosen value is believed to be reasonable. More precise 

value may be obtained by field experiments. 

The initial mean concentration Co of the fish wastes discharged into 

the ocean water through the disposal ship must be estimated based on the 

discharge rate. This value corresponds to the dilution obtained at the 

wake of the discharge ship and it can be estimated by the formula 

developed by Koh and Chang (1973). In their analysis they first assumed 

that the pumping rate of the waste material is such that the waste 

material is completely mixed into the wake by the turbulence without 

altering the wake flow pattern. Secondly, the effect of surface waves can 

be disregarded so that the flow pattern can be approximated from the 

analysis of the jet and wake flows. Thirdly, they assumed that the flow 
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oattern approaches a similarity form at a certain distance from the 

discharge point. Based on the given information of the discharge vessel 

and the assumptions involved in deriving the Koh and Chang formula, the 

initial mean concentration. Co. can be estimated by the following formula: 

Q 

Co = -------------
1.814 ft R2 V 

i 3. 1 i 

where Q 1s the discharge rate of the fish waste from the discharge pipe. 

R is a characteristic length of the body which ,s chosen as the 

geometric mean of the half beam and the draft of the discharge vesse1 

(i.e. [(ship draft) (half beam)) 112 . 

V is the relative velocity between ship and ambient current. 

It should be noted that based on Equation 3.1 the scale of the mixing 

zone in the wake is proportional to the characteristic dimension of the 

discharge vessel which is reasonable. 

The vertical diffusion coefficient Kv can be evaluated by the formu

lation of Koh and Fan (1970) 

and 

Kv = 10-4 / E 

E = 
d 

e_ dy 

where E = sea water density gradient 

e = sea water density 

y = water depth {meters) 

(sq cm/sec) \ 3. 2 i 

t 3. 3 l 

From the temperature profiles develooed in Section 3. 1, the values of Kv. 

as shown in Table 3-3. are calculated as a function of water depth for the 

summer and winter seasons. 

The width L of the initial plume is exoected to be aoproximately 

twice the turning radius of the discharge ship. Since the turning radius 
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Table 3-3. Vertical Diffusion Coefficient. 

Kv (sq cm/sec) 
---------------

Depth (m) summer Winter 
--------- ------ ------

0 - 100 7.8 17.3 

100 - 200 1.2 17.3 

> 200 7.3 17.3 
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of the cfisposal vessel is 0.2 n mi (370.5 m), Lis taken to be 741 m. 

The results of the simulations are presented in terms of dilution of 

the fish wastes as a function of time after discharge and distance from 

the discharge location. Dilution is reciprocal of the product of Co and 

Cmax/Co. This value gives an indication of the volume fraction of fish 

waste in the water sample after the waste plume has traveled for a certain 

distance from the discharge location. S 1 nee no data have been obtained 

for the settling velocity of the Samoa waste particles, velocities of 1, 

0.1, and 0.01 cm/sec have been used in the calculations to cover the 

possible range of settling velocities which is a function of the densitv 

of the waste material relative to the sea water density. The grouo of 

results with settling velocities of 0.01, 0.1, and 1.0 cm/sec would 

correspond to the particles that are floating on the ocean surface, 

neutrally buoyant in sea water and heavier than sea water respectively. 

The behavior of the particles with a settling velocity of 0.1 cm/sec 1s 

similar to that of neutrally buoyant particles and thus they are advected 

by the ambient surface and near surface currents. 

The settling tank experiments reported by Soule and Oguri (1983) 

indicate that 30% of the fish waste being studied had a fall velocity 

greater than zero, 7% of the wastes had a fall velocity greater than 0.059 

cm/sec and only 0.5% of the waste had a fall velocity greater than 0.24 

cm/sec. Therefore the range of fall velocity used for the oresent study 1s 

reasonable. In fact, the fall velocity of 0.01 cm/sec would be the most 

representative value; thus, when discussing the simulated results. 

attention is directed toward the fall velocity of 0.01 cm/sec. 

The computer model results are oresented in tabular form in Tables 

3-4 to 3-7 using the dimensions given for the dump vessel. Tables 3-4 and 
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Table 3-4. Results of Summer Waste Dilution, Q = 500 gpm. 

(l) (2) (3) (4) ( 5) (6) ( 7) (8) (9) (10) ( 11 ) (12) (13) 

Viall = I c1/s Vfall = 1!.l c1/s Viall = 8.01 c ■ /s 

------·-----------·-~---- ---------------------- -----------------------
T 1hr l X!n mi) U!Hl Co Y l (11) Caax /Co Ratio Y2111) C■u/Co Ritio Y311l Ccax/Co Ratio 

--------

5.0 I.II ~ .001.1212 180.11 .05423 .33 18.1! .114999 • 36 1.8 .04999 .36 .. 
7.5 l.5 .2 .1100212 270.ll .03242 • 56 27.e .ems .59 2.7 .ems Si 

10.0 2.0 .2 .000222 3611.0 .02172 .B3 36.ll .12052 .88 3.6 .020~2 .69 
12.5 2.5 .2 .000m mu .01562 I. 15 45.0 .!1482 1.22 4.5 . 81482 1.22 
15.0 u .2 . 001.1222 54'l.ll • 01179 I. 53 SU • 01133 I. 59 s.~ .01122 I.bl 
17.5 . " ~ • .J • 2 .l.liicm 630.0 .1m22 I. 95 63.0 .00947 ue 6,3 .06BB0 2.05 
2il.0 ~.B .2 .llill.122:' 720.ll .0il741 2.43 72.ll .118805 2.24 7.2 .00759 2.:i4 

., ~ 

L• ;J l.O • 4 .l.lil~m '10. 0 .0sm . 31 9.1.1 ,85035 -~-b .9 .05035 • 3c 
3.7 u • 4 .Bte222 m.e .03798 .47 13. 5 . 03438 .53 I. 3 • 03432 .5J 
5.0 2.e .4 .liil~222 160.0 .02726 .66 19.0 . 02507 • 72 1.B • 02507 . 72 
6.3 2.5 • 4 • 000222 225. 0 .11201>7 .87 22.5 .e1m .94 2.2 . 0 tn0 .94 
7.5 3.~ .4 • 0~11222 27U .01627 1.11 27.ll . 81522 1.18 2. 7 .1!1522 I. l 8 
B.H 2 .• 5 • 4 . 000222 315.B .0!j17 I. 37 31.5 .81238 I. 46 3.1 .012:18 Ub 

li.U 4.~ .4 • 0llu222 3o0.B . e rnsq 1.65 36.B .81028 1.75 3.6 .01828 I -c .. 1.· 

1.2 u .8 ,fei\722 45.ll .IHm .43 4. 5 .M207 .u .s .Mm . ' . ~. 
l. 9 I.S • B -~~em t,7. 5 .ll~-5:-2 . SJ t,. B • 03183 .57 . 7 .ll3!e3 .57 

>( 2.S 2.0 .8 • 00ll222 91U .02859 .63 q,0 .~2521 . 71 .9 . 02521 . ~ l 
3. I 2.5 .8 .1120222 112.5 .ll2287 .79 IU .0205B .es I. I .ems .B8 
3.7 3.~ .6 . 0ii0222 m.0 .01883 .96 !U .eti17 I. e:i 1.3 • 0I717 1.05 
u ' < _,J .B .ll~~m 157.5 .e1sss 1.14 15. B .!1457 1.24 l.b .e1m I. '24 
5.B 4.0 .8 . 000222 !BB. il .01355 l.3:S lB.B .01254 I. 44 l.8 .01254 I. 4 ~ 
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Table 3-5. Results of Summer Waste Dilution, Q = 1400 gpm. 

Vfall : l cits Viall : il. I c1/s Viall = 0. 01 c1/5 

------------------------- ----------------------- -----------------------
Tlhrl lin Iii) UlHI Co Y!(cl C1ax/Co Ratio Y:ll ■ l C ■ H /Co Ratio Y3l1l C11ax/Co Ratio 

--------

5. tl I. 0 . 2 .06N,2I lBB.0 • ij5423 .12 IU • 85000 .13 LB .ll5m . 13 
1.S 1.5 .i . 0150621 21e.11 .03242 .n 2U .83039 .21 2. 7 • 831139 .21 

le.ll 2.il· .2 .aaei21 3ba.0 .i12!72 • 30 36.B .82052 • 31 :u .82052 ,31 

12.5 2.5 -~ .tiltl621 450.0 .015b2 • 4 l 45.0 .em:: . .43 •.s .e1m .43 
l 5. 0 3.0 1 • ll0ati21 540.~ • Bl I 79 .55 SU • lll 133 .57 5.4 • 0112'5 .57 . " 
17. 5 3.5 • 2 • 00B62I 63iU .110922 • i'iJ b3.il .e~m .6B 6.3 .BBB8B • 73 
2U u . i .1106621 7211.ll .emt .87 72.B . eases .BB 7.2 .00709 • 91 

:'.5 u . ~ . 0~t'~2I 9il.0 .05795 • l I 'U .0503b . 13 .9 .esrn .13 
~. 7 1.5 . ~ • ~1!0621 m.0 .03799 .17 I:. 5 .03438 • 19 1.3 .ll3m • iti 
5.8 2.8 ,4 .00il621 IS~. 0 • 02727 • 24 IE.e .0251!7 .2b 1.8 .025il7 .26 
6.3 2.5 . 4 , 1!00621 225.0 .02067 • 31 22.5 .01921 • 34 2.2 .01921 .3~ 
7. 5 3.0 • 4 • 000621 270.0 .lllb27 • 4il 27.0 .1.11522 .47 2. 7 .01527 .42 
u :u • 4 • 60Bb21 3!5.ll .0131] .~:; 31. 5 .01238 .52 3. I .ems r; . "· 

t Ji:.~ 4.8 • 4 . 00862! 3i,@,g .010B9 .59 3b.0 .m2e .63 3.6 .ema .63 

L7 1.1:1 .8 .0N162l 45.0 .ems .15 ~. 5 .ems . 15 .s .ems • I~ 
1.'1 1.5 . 8 .llllll621 67. 5 . 0.,s:., • IE l:.B .e:ll84 • 21l .7 ,03184 . 2il 
~ c; 
L ,_ 2.0 • E .01l~621 90.0 • 02859 .23 u .02522 ,26 • 9 .02522 .2~ 
3. ! 2.5 . 8 . ~allii21 112. 5 .02287 .28 11.3 .02058 . ll I.I .ll2il59 . 3! 
3.i :: .. r .5 .00arn 135.0 .01684 .H I J. ::, . e 1111 .37 1.3 .01717 • :, 7 
4. ~ !.S .9 • ~oB&:: 1 157.5 . 8!585 . 41 15.3 • Ill 451 .44 l.b .01457 .H 
s.~ u, • 0 . 0~i6~1 IB0.0 . ll!~~,5 • 4 7 !U . 0125~ .~,I 1.8 .~!~54 . 51 



B-20 

Table 3-6. Results of Winter Waste Dilution, Q = 500 gpm. 

Wa:ll = I ca/s Yfall "' B. I c1/s Yfall :: 0.8! Cll/S 

------------------------- -----------~•---------- ------------------~----
11hr l l ln rii l UIH! Co YH1l CudCo Ratio ¥2111 Caax /Co Ratio Y3i1l Cr.ax /Co Ratio 

5.0 u , 
. 0~0~22 IBIU .arnA .54 IP. 0 • 83364 .54 I.B .03364 .54 .. 

i.S l.5 • 2 .0ilil22:: na.e .a2an .98 27.0 .112043 ,88 2.7 .02243 "C • 0-· 

IUl 2.1:1 .1 .mm2 3b0.0 .01379 1.31 3U .ll1379 l. 31 3.6 .e1m 1. :, 1 

12.5 ~ ,. 
/. • .J .• 2 .mm 45i.0 .00996 I.Bl 45.B .00m I.Bl 4.5 .e~m 1.81 

l~d :u .1 .mm 54il.ll .011754 2.39 5U .00754 2.39 5. 4 .11~754 2.}:; 
17. 5 3.5 'l . 6~~222 630.il .0~5rl ~.BS 63.0 .0B591 3.05 6.3 .0e591 3.85 • < 

20.0 4.0 .2 .003222 720.0 .0B476 3.78 72. e .mn 3.7B 7.2 .mn 3.78 

2.5 1.0 -~ .Pv0222 ~B.ll .03385 ~-. ..,;~ 9.0 .83385 .53 ,1 .ems 5 
3.7 l.5 • 4 • 001:1222 135.11 .02305 .78 13.5 .ll2385 .78 1.3 .llm5 .i2 
5.0 2.0 • 4 .e0c222 100.e .816B~ 1.07 18.ll .01684 1.07 LB .01654 U7 
b.3 2.5 .4 • 600222 225.0 .012911 I. 40 22.5 .eme l. 411 2.2 .01m !. 40 
7.S 3.0 .4 .mm m.0 .01022 I. ib 27.0 .81022 !. 76 2.7 .01m 1.76 
8.6 3.5 • 4 .imn 315.0 .llll831 2. I 7 31.5 .00831 2. I 7 3.1 .em1 2. 17 

18.0 4.0 • 4 .e00222 360.0 .00690 2.61 36.~ .eme 2.61 3.6 .m,0 2.61 

1.2 1.0 .B .m,m 45.0 .02827 . b4 4.5 • 02827 • 64 .s .11:rn .1: a 
1,1; u • B .eaom bi.5 .112138 .84 6.8 .0213B .B~ . 7 .ema • B4 
2.5 2.0 • B . 00~222 9a.0 .01693 1.0& ,.e .1\1693 1.06 .9 .111693 1.06 
3.1 2.5 .a .m2n 112.5 .8i382 I. 3~ 11.3 .111382 1.30 LI .111322 1.30 
3.7 3.B .e . 06~:'12 m.11 • llll 53 1.5& 13. 5 .11115} 1.56 1.3 .e!l:3 1.56 
4.4 3.5 .B .1:202;2 157.5 .110979 1.64 15.B .00979 1.84 1.6 .0em U4 
5.~ 4.0 .B .0m~2 !BU .06B42 2. 14 18. B .00842 2. 14 l.B .llilrn 2. ! 4 
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Table 3-7. Results of Winter Waste Dilution, Q = 1400 gpm. 

Yhll = I c1/s Viall a 8.1 et/s Vfall = I.Bl cm/s 

------------------------- ----------------------- -----------------------
l lhr I X (n ■ ii UIHl Co Y1 (1) Caax/Co Ratio Y211l Caax/Co Ritio Y311I C■ax/Co Ratio 

--------

5.il 1.0 .2 .1!1!0621 IBll.0 .llB64 • I 9 IB.B • 1!3364 .19 I.B .03364 • 19 
7.5 l.5 .2 ,1!00621 27il.B .il2043 .32 27.B ,82843 .32 2.7 .02043 .32 

lU 2.ll .2 .008621 368.ll .11380 .47 36.ll ,813BB .47 3,6 ,01388 .47 
12.5 2.5 .2 .008621 450.\l , 00996 ,65 45.B .0em .65 4,5 .00996 .65 
15.ll 3.B .2 .Ullb21 5411.1 .00754 .BS 54.8 .88754 .BS S.4 .BB754 .85 
17. 5 3.5 .2 .01!11621 630.a .illl591 I.B9 6U .01!591 l.119 6.3 .!0591 1.81 
20.H 4.B .2 .1!00621 728.8 .00476 1.35 72. 8 .0B476 1.35 7.2 .llll47b 1.35 

2.S Lil .4 • see;,21 90.B .83385 .19 9.B .83385 • I 9 .9 .ll338S • I 9 
3.7 l. 5 .4 .H062I 135.B .0231!S .2B 13.5 • 82385 .28 1. 3 .02305 .28 
S.0 2.0 .4 . e0ern tae.e .016B4 .38 18.B .816B4 .38 I.B .81684 .3B 
6.3 2.5 .4 .0m21 22s.e .ll1290 .s0 22.5 .81290 • Sil 2.2 • ll129B .50 
7.5 3.ll .4 .01111621 270.H .e1022 .63 27.ll .811122 .63 2.7 • ll 1122 .b3 
8.8 3.5 .4 .000621 315.B .lillB32 .77 31. 5 .0es32 • 77 3.1 • 80832 • 77 

10.0 4.0 .4 • 00D621 366.B .80690 .93 36.8 .80698 .93 3.6 .ems .93 

1.2 I.Ii .B .1!00621 45.8 .82827 .23 4.5 • 02827 .23 .5 • 82827 .n 
I. 9 I.S .B , 800621 67.5 .82138 .30 6.B .02138 • 38 .7 .02138 .3e 
2.5 2. ll .8 • 000621 90.0 .lll694 .38 9.8 • 81694 .38 ,9 .IH694 .3B 
3. I 2.5 .8 • 800621 112.5 .81382 .47 11.3 • 81382 .47 I.I , ll 1382 .47 
3.7 !.0 .B .000621 135.B • ll 1153 .56 13.S • 81153 • 56 1.3 .01153 .Sb 
u 3.5 .B .0m21 157,S .00179 .bb 15. B .Bm9 .bb l.b .00m .66 
5.0 4.8 .B • ll0Bb21 100.e .00842 .76 IB. 8 .808~2 .76 I. B • 00842 .76 
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3-5 show the results for the summer months. with discharge rates Q = 500 

gom and Q = 1400 gpm, respectively. To interpret the results, it is 

fruitful to note the various items shown in each of the tables. The first 

column in Table 3-4 is the time after the initial release of the waste 

material. The second column converts the time into distance from the 

discharge point. In the third column, three different current soeeds. 

namely 0.2 knots, 0.4 knots, and 0.8 knots are included. Based on 

Eauation (3.1) the initial mean concentration, Co, is computed. For a 

discharge rate of 500 gpm Co is computed to be 0.000222. The verticai 

location of the centerline of the plume at different times for a fall 

velocity of 1 cm/sec is shown in the fifth column. The concentration at 

the centerline of the plume Cmax normalized with respect to Co is shown in 

column 6. The dilution, which can be obtained as the reciprocal of (Co) 

(Cmax/Co), can easily be obtained by the inverse of the value in column 4 

multiplied by that in column 6. According to Soule and Ogur, ( 1983) and 

Section III.A.2.C.1 of this report, the limiting permissibie concentration 

(LPC) of the waste being discharged is 0.0004 % concentration of the fish 

waste. This value of concentration corresponds to a dilution of 250,000. 

Therefore, for convenience the dilution ratio has been normalized with 

respect to 250,000 and such ratio is presented in column 7. For the fall 

velocity of 0.1 cm/sec the corresponding results are presented in columns 

8 to 10. Similarly the results for 0.01 cm/sec fail velocity are shown 1n 

columns 11 to 13. Thus,· when one reads the value at columns i, 10, and 

13, a value of 1.00 implies the dilution of 250,000. A value greater than 

1.0 implies a dilution greater than 250,000. 

The major difference between the summer months and winter months is 

for the value of vertical diffusion. For the winter months, larger 
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vertical -diffusions were used causing more mixing and thus a larger dilu

tion. It can be seen that a greater mixing, therefore larger dilution, is 

achieved in the winter months (Tables 3-6 and 3-7) in comparison with the 

corresponding results for that in the summer months (Tables 3-4 and 3-5). 

The results presented in Tables 3-4 to 3-7 can be plotted to 

orovide a better picture of the extent of the waste plume following a 

prescribed current direction. Based on the available data the t\.lo 

observed directions at the discharge site are SW and NW. The \.laste plume 

is therefore advected along these directions while experiencing a lateral 

mixing along the way. 

3.3 Extent of the Plume at the Present Site 

To show the extent of the plume. at the present site, curves 

containing a series of equi-di1ution lines are presented in Figures 3-3 

and 3-4 (based on the results presented in Tables 3-4 and 3-6 

respectively). The dilution ratios shown are the dilutions normalized 

with respect to 250,000 ( LPC) for both the summer and winter months and 

for current speeds of 0.2 knots, 0.4 knots. and 0.8 knots. The discharge 

rate for these figures is 500 gpm and the fall velocity is set at 0.01 

cm/sec. 

Figure 3-5 shows the eQui-dilution lines in the summer months 

plotted on the map for a waste discharge of 500 gpm in a current of 0.2 

knots towards the SW direction. Two different eQui-dilution lines are 

drawn: the line for 0.5 represents a dilution of 125,000, while the line 

for 1.0 represents a dilution of 250,000. Such a favorable current 

direction would continue to carry the plume away in the SW direction. 

Thus, the plume would not reach the shore region while undergoing a 

significant mixing and diffusion. 
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F1gure 3-6 shows the extent of the waste plume with a SW current of 

0.4 kt. Comparing the results in Figure 3-6 with those in Figure 3-5, one 

observes that the effect of a stronger current is to advect the plume 

swiftly downstream in the current direction. 

lateral diffusion is much narrower. 

Therefore, the extent of 

Figures 3-7 and 3-8 show the corresponding pictures for the winter 

months. By comparing these results with those presented in Figures 3-5 

and 3-6, one can observe that a greater dilution is achieved in the winter 

months due to increased vertical diffusion. 

The drogue studies conducted by Soule and Oguri (1984) indicate a 

current toward the southwest (SW) direction and that the data on the 

surface current presented in Figure III.8 also show predominant southwest 

surface current. However, some 1987 current meter data detect current in 

the northwest (NW) direction. Some current data indicated that a current 

in the southwest direction with a magnitude of 0.25 knots outside of the 

120-fathom depth contour (CH2M Hill. 1976). A sketch confirming the 

direction of drogue movement (along the SW direction) after CH2M Hill is 

shown in Figure 3-9. Since the coastal current normally follows the deoth 

contour, it is reasonable to expect a worst case illustration having a NW 

current (0.2 knots) at the dumpsite would at first carry the plume 

initially in the NW direction; however, as the plume propagates toward the 

shore the current will gradually bend the plume in a pattern such as shown 

i n Fi gu re 3-1 O • In fact, the simulated plume trajectory for this worst 

case scenario is illustrated in Figure 3-11. In Figure 3-11 the equi-

dilution lines are drawn for the summer months with a waste discharge of 

500 gpm in a current of 0.2 knots toward the NW direction at the dumpsite. 

It is seen that the dilution ratio of 1.0 (corresponds to 250,000 
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dilution) does not_ even reach a region at the 120-fathom contour. where 

significant change in water depth occurs. The longshore current in the SW 

direction would carry the plume in that direction, preventing the olume 

from reaching the shore region. 

The longshore current to the SW is described in Section III.B.2.b. 

Therefore, the plume is expected to gradually bend toward the SW direction 

following the depth contour line (a direction along island shoreline) 

carrying the plume with it. In order to make a further, detailed predic

tion of the direction and the extent of the plume in this shallower water 

region, more definitive information on the seaward extent of the longshore 

current and its magnitude is needed. It should be emphasized that the 

results in Figure 3-9 are for the summer months. Results for the winter 

months would indicate more mixing, therefore greater dilution within the 

region shown. 

3.4 Extent of Plume at Deeper Water Preferred Site. 

With the selection of the deeper water site as the preferred site, 

the curves containing the equi-dilution lines were plotted for the same 

conditions shown in Figures 3-5 through 3-8 and 3-11 and discussed in 

Sectin 33. The results are shown in Figures 3-12 through 3-16. 

Although the plumes are plotted from the center of the site, it has 

been recommended to EPA that the dump protocol be changed. The dump 

vessel would make observations of the surface current direct ion before 

dumping begins and dump at the upstream periphery, ci rel ing within the 

dumpsite during discharge. This would result in the plumes being 

dissipated to the LPC concentration of 1:250,000 within the dlMl!psite under 

most conditions. 

The plume would not move inshore sufficiently to reach the longshore 
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curren~ that generally flows southwest between the 120 fm and 600 fm 

contours. Even if a slick persisted on the surface it would generally be 

carried farther out to sea to the southwest and could not approach shallow 

waters. 

4. CONCLUSION ANO RECOMMENDATION 

The results presented in this study are computed by a mathematical 

model of which the accuracy is dependent on the available data. Whenever 

the required data are not available, assumptions have been made for the 

oarameters. We have used our best judgment in the estimation of the 

parameters. We believe that the results obtained by this mathematical 

model are at least as good as those obtained by any modei using the 

present state of the knowledge. 

The present mathematical model predicts the dilution as a function 

of distance and time from the point of release if the current direction is 

specified. The extent of the plume has also been shown under various 

conditions. A key factor in the determination of the plume traJectory is 

the direction of the ocean current. Field measurements indicate two 

persistent current directions, SW direction and NW direction. For current 

going towards the SW direction, it is shown that the plume at the present 

site will be advected in that direction at a distance at least 2 nm, 

south of Sail Rock Point. For current in the NW direction, significant 

dilution has been achieved when the plume reaches the region of shallower 

depth. Therefore, the longshore current is expected to carry such diluted 

plume again in SW direction (along the island shoreline direction). More 

definitive current, information especially on the incidence of reversal of 

the longshore current in the shallower depth region would be needed in 

order to predict the extent of the plume in the shallow depth region if 
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the present site were to continue to be used. 

By using the prefer red deepwate r site, and by dumping upstream of 

the direction of flow, the plume would be fully dissipated within the 

dumpsite circle in most cases. The plume would not reach territorial 

waters, the longshore current, or the reefs. 

If there is significant change in vessel size or in quantities 

dumped, the model should be run again to determine the nature of the plume 

t raj ecto ry and extent. A sma 11 change . in vesse 1 beam is not considered 

significant. 
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Merging Plumes from Adjacent Propellers - with Surface Boundary 
Dilution is a function of the ratio of the perimeter inside and outside the adjacent plume. 

Assume entrainment is uniform over the perimeter of the plume. 

Propellers located 15 feet apart and 1 O feet below water surface. 

water surface 

10 feet 
r 

~ 7.5 feet 

y 



Calculation scheme for clean entrainment coefficient 

Assumptions and Basis for Calculations 
plume center horizontal separation = 15 feet 
plume width b = 0.096*x 
x ranges from 25 to 1000 feet 
plumes merge at x = 78.125 feet 
at 78.125 feet clean entrainment coefficient = 1.0 
plume encounters surface at x = 130 feet 

X b y theta1 
(feet) (feet) (feet) (rad) 

0 0.0 
25 2.4 
50 4.8 

78.125 7.5 0.0 0.0 
80 7.7 1.7 0.2 
85 8.2 3.2 0.4 
90 8.6 4.3 0.5 
95 9.1 5.2 0.6 
100 9.6 6.0 0.7 
105 10.1 6.7 0.7 
110 10.6 7.4 0.8 
115 11.0 8.1 0.8 
120 11.5 8.7 0.9 
125 12.0 9.4 0.9 
130 12.5 10.0 0.9 
135 13.0 10.6 1.0 
140 13.4 11.2 1.0 
145 13.9 11.7 1.0 
150 14.4 12.3 1.0 
200 19.2 17.7 1.2 
250 24.0 22.8 1.3 
300 28.8 27.8 1.3 
350 33.6 32.8 1.3 
400 38.4 37.7 1.4 
450 43.2 42.5 1.4 
500 48.0 47.4 1.4 
550 52.8 52.3 1.4 
600 57.6 57.1 1.4 
650 62.4 61.9 1.5 
700 67.2 66.8 1.5 
750 72.0 71.6 1.5 
800 76.8 76.4 1.5 
850 81.6 81.3 1.5 
900 86.4 86.1 1.5 
950 91.2 90.9 1.5 
1000 96.0 95.7 1.5 

theta2 inside perimeter 
(rad) (feet) 

0.0 
3.3 
6.6 
9.0 
11.0 
12.9 
14.8 
16.5 
18.2 
19.9 
21.5 

0.6 19.6 
0.7 21.3 
0.7 23.0 
0.8 24.7 
0.8 26.3 
1.0 42.1 
1.1 57.5 
1.2 72.7 
1.3 87.8 
1.3 103.0 
1.3 118.1 
1.4 133.2 
1.4 148.3 
1.4 163.4 
1.4 178.5 
1.4 193.6 
1.4 208.6 
1.4 223.7 
1.4 238.8 
1.5 253.9 
1.5 269.0 
1.5 284.1 

clean entrainment 
coefficient 

1.00 
1.00 
1.00 
1.00 
0.93 
0.87 
0.83 
0.81 
0.79 
0.77 
0.75 
0.74 
0.73 
0.71 
0.65 
0.64 
0.63 
0.62 
0.62 
0.58 
0.56 
0.55 
0.54 
0.53 
0.53 
0.53 
0.52 
0.52 
0.52 
0.52 
0.52 
0.52 
0.52 
0.51 
0.51 
0.51 
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Farfield Model Output 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.2 knots - Vessel Speed 1 o knots 

Discharge Rate of Waste , in gpm (Q) 

1 14001cgpm) 

Ambient Ocean Current, in knots (U) 

I 0.2l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I 17 .3l(cmA2/sec) 

Dissipation Parameter (A) 

1 0.0011 

Initial Concentration 

1 1i 

Cmax/Co Cmax 
1.00 1.00 
0.42 0.42 
0.28 0.28 
0.14 0.14 
0.09 0.09 
0.06 0.06 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.01 0.01 

Ship's Beam 

1 11.501cm) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501<m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

I Dilution vs Distance from Ship 
Dilution 

1.00 80.00 .... 

2.41 70.00 .. 
3.59 

60.00 7.01 
11.43 C 50.00 
16.85 0 

:;::: 

40.00 r 23.26 .2 

30.66 
c 30.00 

39.06 20.00 
48.46 i 

58.86 
10.00 T 

70.25 0.00 

0 2 3 
Distance (nautical miles) 

4 5 

------···· 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.4 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste, in gpm (Q) 

1400 (gpm) 

Ambient Ocean Current, in knots (U) 
I 0.4l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.33 0.33 
0.24 0.24 
0.15 0.15 
0.10 0.10 
0.07 0.07 
0.06 0.06 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 

Dilution 
1.00 
3.07 
4.18 
6.86 
10.03 
13.69 
17.85 
22.50 
27.65 
33.29 
39.43 
46.06 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 
I 1 Ol(knots) 

Dilution vs Distance from Ship 

50.00, 

45.00 + 
40.00 + 
35.00 

C 30.00 I 
0 
.:: 25.00 .2 
0 20.00 

15.00 
10.00 
5.00 
0.00 

0 2 3 
Distance (nautical miles) 

-~--j 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.6 knots - Vessel Speed 10 knots 

Discharge Rate of Waste , in gpm (Q) 

1 1400I(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 

I 17.3l(cmA2/sec) 

Dissi ation Parameter (A) 

0.001 

Initial Concentration 

1 11 

Cmax/Co Cmax 
1.00 1.00 
0.27 0.27 
0.20 0.20 
0.13 0.13 
0.10 0.10 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.03 0.03 

Dilution 
1.00 
3.68 
4.90 
7.44 
10.20 
13.29 
16.70 
20.45 
24.52 
28.92 
33.65 
38.71 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

1 50I<m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Dilution vs Distance from Ship 

40.00 

35.00 

30.00 

C 25.00 
0 
:;::: 20.00 .2 
c 15.00 

10.00 

5.00 

0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.8 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste, in gpm (Q) 
.._ __ 14_0 .. o (gpm) 

Ambient Ocean Current, in knots (U) 

I O.Bl(knots) 

Length Parameter, in meters (L) 

1 1411(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Ship's Draft 

1 3.66l(m) 

Dissipation Parameter (A) 
1 0.0011 

Ship's Length 
I 50l(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Initial Concentration 

i 11 

Dilution vs Distance from Ship 
Cmax/Co Cmax Dilution 

1.00 1.00 1.00 40.00 
0.24 0.24 4.20 35.00 
0.18 0.18 5.58 
0.12 0.12 8.16 30.00 

0.09 0.09 10.75 C 25.00 
0.07 0.07 13.56 0 

:;:: 20.00 
0.06 0.06 16.61 .2 

0.05 0.05 19.90 
c 15.00 

0.04 0.04 23.44 ,o.oo r 
0.04 0.04 27.22 5.00 
0.03 0.03 31.25 
0.03 0.03 35.52 0.00 , ···•·---t 

0 2 3 
Distance (nautical miles) 

------j 

4 5J 



Farfield Dilution Model 

Winter Conditions - Ocean Current 1.0 knots - Vessel Speed 10 knots 

Dischar e Rate of Waste , in gpm (Q) 
.._ __ 1_4_00 .. (gpm) 

Ambient Ocean Current, in knots (U) 

I 1 l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 
I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.21 0.21 
0.16 0.16 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 

Dilution 
1.00 
4.67 
6.21 
8.90 
11.44 
14.10 
16.93 
19.95 
23.17 
26.58 
30.19 
34.00 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 50I(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Dilution vs Distance from Ship 

35.00 

30.00 

25.00 
C 

20.00 0 
.: 
.2 15.00 c 

10.00 

5.00 

0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.2 knots - Vessel Speed 6 knots 

Dischar e Rate of Waste , in gpm (Q) 

1400 (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.2l(knots) 

Length Parameter, in meters (L) 

1 741I(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.27 0.27 
0.17 0.17 
0.09 0.09 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.01 0.01 
0.01 0.01 
0.01 0.01 

Dilution 
1.00 
3.76 
5.76 
11.45 
18.80 
27.79 
38.44 
50.75 
64.72 
80.35 
97.63 
116.58 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

1 5ot(m) 
Ship's Speed, in knots 

I 6l(knots) 

Dilution vs Distance from Ship 

120.00 

100.00 

80.00 
C 
0 

:;:::: 60.00 .a 
c 

40.00 -

20.00 

0.00 

2 3 
Distance (nautical miles) 

- ~-~ 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.4 knots - Vessel Speed 6 knots 

Dischar e Rate of Waste , in gpm (Q) 
___ 1_40_0 .. (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.4l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 

12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.20 0.20 
0.15 0.15 
0.09 0.09 
0.06 0.06 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 
0.01 0.01 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

1 501(m) 

Ship's Speed, in knots 

I 6l(knots) 

Dilution vs Distance from Ship 
Dilution 

1.00 80.00 
4.94 70.00 
6.82 
11.32 60.00 -

16.60 C 50.00 -
22.70 0 

:;::: 40.00 
29.62 .2 

37.37 
c 30.00 

45.94 20.00 
55.33 10.00 
65.56 
76.61 0.00 ~----+- -- - --~ 

0 2 3 4 5 
Distance (nautical miles) 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.6 knots - Vessel Speed 6 knots 

Dischar e Rate of Waste , in gpm (Q) 
.._ __ 1_40_0 .. (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 

I 17 .31( cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

1 11 

Cmax/Co Cmax 
1.00 1.00 
0.17 0.17 
0.12 0.12 
0.08 0.08 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 
0.02 0.02 

Dilution 
1.00 
5.98 
8.05 
12.31 
16.93 
22.07 
27.76 
34.00 
40.78 
48.11 
55.99 
64.42 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 

I 6l(knots) 

------···------ ·---- -------- ···-

Dilution vs Distance from Ship 

70.00 

60.00 

50.00 
C 40.00 0 

:;:: 
..2 30.00 0 

20.00 -

10.00 

0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 0.8 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 840l(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.8l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

· Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.15 0.15 
0.11 0.11 
0.07 0.07 
0.06 0.06 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 

Dilution 
1.00 
6.88 
9.21 
13.52 
17.86 
22.55 
27.62 
33.11 
39.00 
45.30 
52.02 
59.14 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 

I 6l(knots) 

Dilution vs Distance from Ship 

60.00 

50.00 

40.00 
C: 
0 
:.:: 30.00 .2 
c 

20.00 

10.00 

0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Winter Conditions - Ocean Current 1.0 knots - Vessel Speed 6knots 

Discharge Rate of Waste , in gpm (Q) 

1 a4ol(gpm) 

Ambient Ocean Current, in knots (U) 

I 1l(knots) 

Length Parameter, in meters (L) 

1 741l(m> 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 

I 17.3l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.13 0.13 
0.10 0.10 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 
0.02 0.02 

Dilution 
1.00 
7.67 
10.27 
14.78 
19.01 
23.44 
28.17 
33.20 
38.57 
44.25 
50.27 
56.61 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m> 

Ship's Length 

1 5ot(m> 

Ship's Speed, in knots 
I 6l(knots) 

Dilution vs Distance from Ship 
60.00 ,-

50.00 

40.00 
i C 

0 
~ 30.00 
0 

20.00 

10.00 

0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.2 knots - Vessel Speed 1 O knots 

Dischar e Rate of Waste , in gpm (Q) 

1200 (gpm) 

Ambient Ocean Current, in knots (U) 

I 0.2l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 1.4 
3040 0.5 2.5 
6080 1 5.0 
9120 1.5 7.5 
12160 2 10.0 
15200 2.5 12.5 
18240 3 15.0 
21280 3.5 17.5 
24320 4 20.0 
27360 4.5 22.5 
30400 5 25.0 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Ship's Beam 

1 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Dissipation Parameter (A) 

1 0.0011 

Ship's Length 
1 50I(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Initial Concentration 

i 1 i 

Dilution vs Distance from Ship 
Cmax/Co Cmax Dilution 

1.00 1.00 1.00 50.00 

0.56 0.56 1.80 45.00 
0.39 0.39 2.58 40.00 
0.20 0.20 4.88 35.00 
0.13 0.13 7.87 C 30.00 
0.09 0.09 11.53 0 

;: 25.00 
0.06 0.06 15.86 .:! 

0 20.00 
0.05 0.05 20.86 

15.00 
0.04 0.04 26.53 
0.03 0.03 32.86 10.00 

0.03 0.03 39.87 5.00 

0.02 0.02 47.54 0.00 

0 2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.4 knots - Vessel Speed 1 O knots 

Discharge Rate of Waste , in gpm (Q) 

1 12001(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.4l(knots) 

Length Parameter, in meters (L) 

1 1411(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 7.8l(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.46 0.46 
0.34 0.34 
0.21 0.21 
0.15 0.15 
0.11 0.11 
0.08 0.08 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 

Dilution 
1.00 
2.19 
2.91 
4.70 
6.82 
9.29 
12.08 
15.21 
18.67 
22.46 
26.59 
31.05 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501<m) 

Ship's Speed, in knots 

I 10l(knots) 

Dilution vs Distance from Ship 

35.00 t 
30.00 · 

25.00-:-
C 

20.00 + 0 
:;:: 
.2 15.00 5 

10.00 

5.00 

0.00 · 

0 2 3 
Distance (nautical miles) 

i 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.6 knots - Vessel Speed 10 knots 

Dischar e Rate of Waste , in gpm (Q) 

1200 (gpm) ----
Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 
I 7.8l(cm"2/sec) 

Dissipation Parameter (A) 

1 0.0011 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.39 0.39 
0.30 0.30 
0.20 0.20 
0.14 0.14 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.04 0.04 
0.04 0.04 

Dilution 
1.00 
2.58 
3.37 
5.06 
6.91 
8.98 
11.28 
13.79 
16.53 
19.48 
22.66 
26.06 

Ship's Beam 

1 11.501(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 

I 50l(m) 

Ship's Speed, in knots 

I 1 Ol(knots) 

Dilution vs Distance from Ship 

30.00 

25.00 

20.00 
C 
0 
.: 15.00 .2 
i5 

10.00 

5.00 

0.00 
0 2 3 4 

Distance (nautical miles) 
- ------· ·--·-·--

5 



Farfield Dilution Model 

Summer Surface • Ocean Current 0.8 knots - Vessel Speed 10 knots 

Discharge Rate of Waste, in gpm (Q) 

1 12001(gpm> 

Ambient Ocean Current, in knots (U) 

I 0.8l(knots) 

Length Parameter, in meters (L) 

1 1411<m> 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
12160 2 2.5 
15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 11 

Cmax/Co Cmax 
1.00 1.00 
0.34 0.34 
0.26 0.26 
0.18 0.18 
0.14 0.14 
0.11 0.11 
0.09 0.09 
0.07 0.07 
0.06 0.06 
0.05 0.05 
0.05 0.05 
0.04 0.04 

Dilution 
1.00 
2.92 
3.82 
5.53 
7.27 
9.15 
11.20 
13.41 
15.78 
18.32 
21.03 
23.90 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l<m> 

Ship's Length 

1 501<m> 

Ship's Speed, in knots 

I 10l(knots) 

Dilution vs Distance from Ship 

25.00 

20.00 

C 15.00 .. 
0 

:;:: 
.2 
0 10.00 

5.00 

0.00 - -~1 

0 2 3 4 
Distance (nautical miles) 

5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 1.0 knots - Vessel Speed 10 knots 

Discharge Rate of Waste , in gpm (Q) 

1 12001(gpm) 

Ambient Ocean Current, in knots (U) 

I 1 l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.5 
6080 1 1.0 
9120 1.5 1.5 
12160 2 2.0 
15200 2.5 2.5 
18240 3 3.0 
21280 3.5 3.5 
24320 4 4.0 
27360 4.5 4.5 
30400 5 5.0 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissipation Parameter (A) 

1 0.0011 

Initial Concentration 

1 1 i 

Cmax/Co Cmax Dilution 
1.00 1.00 1.00 
0.31 0.31 3.22 
0.24 0.24 4.24 
0.17 0.17 6.03 
0.13 0.13 7.72 
0.11 0.11 9.50 
0.09 0.09 11.40 
0.07 0.07 13.43 
0.06 0.06 15.59 
0.06 0.06 17.88 
0.05 0.05 20.31 
0.04 0.04 22.86 

Ship's Beam 

1 11.58l(m) 

Ship's Length 

1 501(m) 

25.00 

20.00 

C 15.00 0 
:;:: 
::::, 

i5 10.00 

5.00 

0.00 

0 

Ship's Draft 

1 3.66l(m) 

Ship's Speed, in knots 

I 10l(knots) 

Dilution vs Distance from Ship 

2 3 
Distance (nautical miles) 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.2 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 1201(gpm) 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Ship's Beam 

1 11.501<m) 

Ship's Draft 

1 3.66l(m) 

Ambient Ocean Current, in knots (U) 

I 0.2l(knots) 

Dissipation Parameter (A) 
1 0.0011 

Ship's Length 
1 501<m) 

Ship's Speed, in knots 

I 6l(knots) 

Length Parameter, in meters (L) 

1 1411(m) 

Initial Concentration 

i 11 

Distance from Ship Time Dilution vs Distance from Ship 
(Feet) (Nautical Miles) (hours) Cmax/Co Cmax Dilution 

0 0 0.0 1.00 1.00 1.00 80.00 
1000 0.16 1.4 0.38 0.38 2.64 70.00 
3040 0.5 2.5 0.25 0.25 3.97 

60.00 6080 1 5.0 0.13 0.13 7.80 
9120 1.5 7.5 0.08 0.08 12.74 C 50.00 
12160 2 10.0 0.05 0.05 18.79 0 

:.:: 40.00 
15200 2.5 12.5 0.04 0.04 25.96 .2 

18240 3 15.0 0.03 0.03 34.24 
i5 30.00 .. 

21280 3.5 17.5 0.02 0.02 43.64 20.00 
24320 4 20.0 0.02 0.02 54.14 10.00 .. 
27360 4.5 22.5 0.02 0.02 65.77 
30400 5 25.0 0.01 0.01 78.51 0.00 - I 

0 2 3 4 5 
Distance (nautical miles) 

J 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.4 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 7201(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.4l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.7 
3040 0.5 1.3 
6080 1 2.5 
9120 1.5 3.8 
12160 2 5.0 
15200 2.5 6.3 
18240 3 7.5 
21280 3.5 8.8 
24320 4 10.0 
27360 4.5 11.3 
30400 5 12.5 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1 i 

Cmax/Co Cmax 
1.00 1.00 
0.29 0.29 
0.22 0.22 
0.13 0.13 
0.09 0.09 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 
0.02 0.02 

Dilution 
1.00 
3.40 
4.65 
7.66 
11.20 
15.30 
19.95 
25.15 
30.91 
37.22 
44.09 
51.52 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
1 501(m) 

Ship's Speed, in knots 

I 6l(knots) 

Dilution vs Distance from Ship 

60.00 

50.00 

40.00 
C 
0 
:;:: 30.00 · .2 
c 

20.00 

10.00 

0.00 

0 2 3 
Distance (nautical miles) 

·-1 

4 5 



Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.6 knots - Vessel Speed 6 knots 

Discharge Rate of Waste, in gpm (Q) 

1 1201(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.6l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 

Distance from Ship Time 
(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.5 
3040 0.5 0.8 
6080 1 1.7 
9120 1.5 2.5 
12160 2 3.3 
15200 2.5 4.2 
18240 3 5.0 
21280 3.5 5.8 
24320 4 6.7 
27360 4.5 7.5 
30400 5 8.3 

Diffusion Coefficient (Kv) 
I 7.Bl(cmA2/sec) 

Dissi ation Parameter (A) 
0.001 

Initial Concentration 

i 1i 

Cmax/Co Cmax 
1.00 1.00 
0.24 0.24 
0.18 0.18 
0.12 0.12 
0.09 0.09 
0.07 0.07 
0.05 0.05 
0.04 0.04 
0.04 0.04 
0.03 0.03 
0.03 0.03 
0.02 0.02 

Dilution 
1.00 
4.08 
5.46 
8.30 
11.40 
14.86 
18.68 
22.86 
27.42 
32.34 
37.64 
43.30 

Ship's Beam 

I 11.58l(m) 

Ship's Draft 

1 3.66l(m) 

Ship's Length 
I 50l(m) 
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Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 0.8 knots - Vessel Speed 6 knots 

Discharge Rate of Waste , in gpm (Q) 

1 nol(gpm) 

Ambient Ocean Current, in knots (U) 

I 0.8l(knots) 

Length Parameter, in meters (L) 

1 741l(m) 
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(Feet) (Nautical Miles) (hours) 

0 0 0.0 
1000 0.16 0.3 
3040 0.5 0.6 
6080 1 1.3 
9120 1.5 1.9 
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15200 2.5 3.1 
18240 3 3.8 
21280 3.5 4.4 
24320 4 5.0 
27360 4.5 5.6 
30400 5 6.3 

Diffusion Coefficient (Kv) 

I 7.8l(cm"2/sec) 

Dissi ation Parameter (A) 
0.001 
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Farfield Dilution Model 

Summer Surface Conditions - Ocean Current 1.0 knots - Vessel Speed 6 knots 

Discharge Rate of Waste, in gpm (Q) 

1 7201(gpm) 

Ambient Ocean Current, in knots (U) 
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CHAPTER I 

INTRODUCTION 

Two tuna canneries, Starkist and Van Camp; are located adjacent to 

each other at the shoreline of Pago Pago Harbor in American Samoa (see 

Figure 1-1). The Starkist cannery, owned by Starkist Foods, Inc., and the 

Van Camp cannery, a division of Ralston Purina Company, together con

stitute the largest source of employment in American Samoa, except for the 

government. 

In common with other food processing operations, there are no signi

ficant toxic substances involved in the cannery operations and the waste

water contains primarily those materials that could not reasonably be 

recovered from the fish processing operations and used for one of the 

variety of products produced by the canneries. The installation at both 

canneries of wastewater treatment plants involving alum addition and 

dissolved air flotation sludge separation has greatly improved the condi

tions in Pago. Pago Harbor by significantly reducing the amounts of sus

pended solids, biological oxygen demand (BOD), and grease being discharged. 

The present practice of land disposal of the sludge resulting from 

the dissolved air flotation (DAF) treatment of the wastewaters is being 

restricted by the Government of American Samoa. A primary alternative for 

disposal of this sludge is the ocean. Before governmental approval of 

ocean disposal can be obtained, the Environmental Protection Agency (EPA) 

has to complete an environmental impact assessment or statement concerning 

the possible effects at the proposed disposal site. The principal purpose 

of this study is to provide the information necessary for the EPA to 

prepare that environmental impact document. This study is jointly funded 

by Starkist and Van Camp since the ocean disposal alternative would 

involve a system that \-Xluld combine both sludges. 

Most of the data required for this study were gathered during the 

last half of July 1979 during a field investigation involving sludge 

sampling and analysis and alternative disposal area evaluation. Some of 

the data used in this report are from a separate study in the same area 

conducted by M&E Pacific, Inc. for the U.S. Army Corps of Engineers. 
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Pennission to use these data was obtained from the Corps of Engineers with 

the understanding that its source is a draft report and therefore subject 

to final revision. Some data and projections were also provided by 

Starkist and Van Camp. 

This study basically involves the following three steps: 

1. The description of the quality and quantity characteristics of 

the sludges that will be disposed 

2. The description of the transport and water quality character

istics of the alternative open ocean and nearshore disposal 

areas being considered 

3. The projection of the probable impacts of sludge disposal at the 

two alternative sites and the recommendation of which site to 

use and what disposal practices would minimize impacts. 

It is anticipated that the EPA will find the information in this 

report adequate for its environmental evaluation and will concur with the 

recommended alternative. If ocean disposal of the canneries' sludge is 

adopted, a monitoring program would serve to identify any unforeseen 

detrimental effects. 

We wish to acknowledge the cooperation and assistance of several 

people who were instrumental in the conduct of this study. Mr. Dave 

Ballands of Starkist Foods, Inc. made the basic arrangements for the 

study. Mr. Bob Buehs of Van Camp and Mr. John Broughton of Starkist 

provided assistance in obtaining data as well as sludge samples for 

analysis and for a test open ocean discharge. Mr. Andy Nesheim, skipper 

of the Tasi II, assisted in the ocean portion of the study. 
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CHAPTER II 

SUMMARY AND CONCLUSIONS 

The measurements of the quality parameters of the sludges from the 

Starkist and Van Camp operations in American Samoa showed that the predomi

nent characteristic with respect to environmental effects is the high 

organic content and the accompanying oxygen demand and slick forming 
. 

materials. The present wastewater treatment scheme using alum and dis-

solved air flotation is very effective in removing suspended material, 

grease and oil, as well as phosphate from the waste stream. The grease 

and phosphate tend to be bound up by the alum and do not readily separate 

to form slicks or contribute to the'nutrient loading. The concentrations 

of potentially toxic compounds such as MBAS, mercury, cadmium, DDT or DDE 

in the sludges are relatively ~low. The vigorous biological degradation 

and high rate of gas production in the sludge is evidence of the low 

concentration of toxicants. 

The present average combined production rate of sludge from the two 

canneries is about400,000 gallons per month. This rate may increase by 

up to 100% over the next five years. 

The water qaality and transport conditions at the offshore alternative 

discharge area, Dump Site No. 1, can be characterized as open ocean. The 

depth is more than 4,000 feet and the current structure is a combination 

of a wind influenced surface drift over a prevailing subsurface current 

toward the east. A minimum in the current speed occurs at around 20 to 30 

feet where the two current regimes interfere. The water quality shows no 

evidence of stratification to at least 100 feet and probably to 300 feet. 

The photic zone is down to about 170 feet and the water is low in turbidity, 

nutrients and chlorophyll-a. Fish population densities are correspondingly 

sparce. Water quality parameters can be described by log-normal dis

tributions. 

The water quality characteristics at the nearshore alternative 

discharge area by the present Tafuna outfall are similar to those of the 
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open ocean except for a slight decrease in the photic zone depth and 

slight increases in turbidity, nutrients and chlorophyll-a. The current 

structure is a combination of reversing tide rel.ated longshore current 

with surface layer wind related transport and a nearshore breaking wave, 

rip current recirculation system. The wind direction is frequently on

shore. The net transport in the subsurface layer is parallel to shore 

toward the southwest. The benthic biological community in the area is 

coral based but has recently suffered extensive predation by crown of 

thorns starfish. 

Test discharges of sludges from Starkist and Van Camp at the surface 

at Dump Site No. 1 showed that the large majority of the material mixes 

readily with sea water and tends to disperse and sink. A very small 

amount of scum separates from the rest of the material and a slick tends 

to form. No measurable dissolved oxygen depletion was noted within the 

sludge dilution zone. 

Bioassays using the changes in dissolved oxygen in outer Pago Pago 

Harbor surface waters showed that the two sludges responded similarly but 

with somewhat greater oxygen demand exhibited by the Van Camp sludge. The 

short term photosynthesis rate was not measurably affected by the addition 

of small quantities of sludge, and accompanying nutrients. Measurements 

of the respiration rate showed that the sludge had both an immediate 

oxygen demand and a slower rate oxygen demand related to the biological 

degradation of the organic material. The oxygen demand of the sludge 

decreased significantly with storage. Using the results of these respiration 

bioassays minimum dilution requirements were estimated. 

The potential detrimental effects of discharging the sludge at Dump 

Site No. 1 can be alleviated by providing adequate initial dilution and 

discharging below the surface. 

At the Tafuna outfall, it is not reasonably possible to provide 

sufficient initial dilution to comply with dissolved oxygen reduction 

limits in the water column. Also, it is likely that detrimental sludge 

accumulation would occur in the transport area parallel to the shoreline 

as well as floatable accumulation at the shoreline. 
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The recommendations resulting from this study include the designation 

of Dump Site No. 1 as the ocean disposal area and the use of controlled 

subsurface discharge of the sludge from a moving vessel. A monitoring 

program should identify any problem areas which can then be alleviated • 

• 
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CHAPTER III 

METHODOLOGY 

The field and laboratory measurements used in this study have gener

ally been developed and used over a period of several years for similar 

studies at several locations in the Pacific. 

Where applicable, Standard Methods (14th Edition) methods or EPA 

specified methods were employed to measure sludge and receiving water 

characteristics. For some cases, however, the methods reported by 

Strickland and Parsons (1968) were used since neither the EPA nor the 

Standard Methods methods were designed for sea water analyses. 

The receiving water data were statistically analyzed and found to be 

adequately described by log-nonnal distributions. Data from the Corps of 

Engineers' study were included in the statistical analysis so as to form a 

broader data base covering spatial and temporal variations. 

Some observations and tests were adapted to the purposes of this 

study, including the test release of sludge in the open ocean and the 

bioassay using the response of the local plankton population. 

Descriptions of the specific methods used for the field and labora

tory portions of this study are given in the remainder of this chapter. 

CURRENT MEASUREMENTS 

Currents were measured by the use of a current meter and drogues. 

Current Meter 

An Endeco Type 105 current meter was installed at the Tafuna study 

area to give a temporal description of the nearshore currents. The meter 

depth at this location was 30 feet. A typical installation configuration 

for this type of meter is shown on Figure 111-1. The anchor for the 

mooring line was placed by divers at a depth of 65 feet. This meter is an 

axial flow, ducted impeller recording meter designed for continental shelf 

and estuarine environmental monitoring. It was specifically selected 

because it is capable of measuring very low current velocities. The meter 
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was set to record the current speed and direction at 30-minute intervals 

and was in place for 20 days. The speed and direction data were recorded 

on 16 mm film for subsequent data retrieval. Possible interference with 

the sensitive rotor by the growth of attached ~arine organisms was effec

tively eliminated by antifouling paint. 

Drogues 

The type of drogues used to give a spatial description of the cur

rents in both the open ocean and the Tafuna outfall area is shown on 

Figure III-2. The general procedure was to release drogues at three 

depths. Tracking was accomplished using a boat and a sextant and measur

ing two angles among three landmarks. These data would then be used to 

plot drogue vectors. A wind correction factor was applied for all sub

surface drogues. 

MIXING MEASUREMENTS 

A dye study was conducted to determine the dispersion and mixing 

characteristics of the open coastal area at Tafuna. 

The general procedure involves the release of two pounds of Rhodamine

B dye from a boat. Vertical aerial photographs (slides) are then taken of 

the expanding dye patch with the time after dye release noted and the 

scale given by the dimensions of the boat. 

The resulting slides are then projected on a sheet of paper and the 

outline of the dye patch traced. The area of the patch for each timed 

photograph is then determined by using a planimeter. 

The horizontal dispersion coefficient is then calculated using the 

definition developed by Brooks (1960) based on Fick's First Law: 

k = 

Where k = 

t = 

2 
1/2 dQ'" 

dt 

dispersion coefficient 

time 

Ci = standard deviation of the tracer concentration 
distribution 
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Using the assumption that 4 G is approximately equal to the average 

horizontal dimension of the patch and using the Brooks (1960) definition 
r-

of scale, L = 2-'/3 G, Fick's First Law can be integrated to give a 

working definition of the dispersion coefficienf. 

k = 
0.04(A

2 
- A

1
) 

Tl - T2 

where k = dispersion coefficient (ft ~sec) 

= area of dye patch at time 

area of dye patch at time = 

The corresponding scale is given by L, which is approximated by the 

square root of the dye patch area for the period in question; i.e.: 

L 
· I A + Al =\)_2 __ 

' 2 

The resulting relationship between the scale and dispersion coeffi

cient can then be plotted on log-log paper and compared to Richardson's 

law for an infinite ocean; i.e.: 

k = a 1413 

It should be noted that the use of aerial photographs for this deter

mination is only valid for 30 to 35 minutes after the dye is released; 

after that time the edges of the dye patch become too indefinite to be 

readily identifiable. 

WATER QUALITY ~1EASUREMENTS 

Measurements of various water quality parameters at each station were 

generally made twice during each of the February and July field trips. 

Some parameters were measured directly in the field, others were measured 
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on water samples brought from the field to the public health water labora

tory in the LBJ medical center, and some were measured on preserved 

samples in Honolulu. 

Sampling Procedures 

Sampling of ocean and nearshore stations was accomplished using a Van 

Dorn sampler. One gallon samples were taken at depths of 3 and 60 feet. 

In addition, two samples were taken at 300 feet at Station "Dunp Site 

No. 1." 

Sludge samples were taken on three occasions at both the Starkist and 

Van Camp treatment plants. 

Field Measurements 

Salinity was measured using a Kahlsico Salinometer with a 100-foot 

probe. In order to detect any stratification, measurements were taken at 

the surface, 5 feet, 10 feet, then at every 10-foot interval to a depth of 

100 feet. 

Temperature readings were taken simultaneously with salinity measure

ments using the same instrument. 

Dissolved oxygen concentrations were measured using a Yellow Springs 

Instruments Co., Inc. (YSI) Model 57 oxygen meter calibrated with oxygen 

saturated fresh water. Measurements were made at depths of 3 feet and 

50 feet in ocean stations. 

Irradiance measurements were made using a Hydro Products Model 620 A 

irradiance meter. The percentage of incident light at various depths was 

determined by comparison of the readings of a surface and a subsurface 

photometer. Measurements were made at regular intervals (usually at every 

10 feet) until the one percent incident light level was reached. This 

level is usually considered as the depth of the compensation level below 

which no significant photosynthetic activity occurs. 

Fecal coliform counts were obtained using Millipore filter field kits 

and a Millipore portable water bath incubator. Cultures were inoculated 

in the field, with subsequent incubation in the laboratory. The "Membrane 
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Filter Method" as described in Standard Methods (14th edition) was used. 

Sea water samples were diluted with sterilized tap water to minimize any 

excess salt effects. 

Laboratory Measurements Conducted in American Samoa 

E.!!_ was measured at the American Samoa Water Quality Laboratory using 

an Orion Research Ionalyzer Hodel 407A specific ion meter calibrated with 

appropriate pH buffer solutions. 

Turbidity was measured using a Hach Chemical Co. Model 2100 A Turbi

dimeter with turbidity standards relative to the Formazin Turbidity Unit. 

Suspended solids test was conducted according to Standard Methods, 

14th edition. In addition, the filters were thoroughly rinsed with dis

tilled water to remove any residual salt after the salt water sample was 

filtered. 

Chlorophyll-a was determined according to the method described by 

Strickland and Parsons in A Practical Handbook of Seawater Analysis 

(1968). 2,00·0-ml portions of sample were filtered through GF/C glass 

fiber filters and the filters placed in 100-ml nalgene bottles containing 

50 ml of 90 percent acetone. The nalgene bottles were packed in ice and 

air freighted to Honolulu in styrofoam containers where they were analyzed 

using a centrifuge and spectrophometer. The chlorophyll-a content was 

calculated according to the Strickland and Parsons formula. 

Bioassays to determine the possible effects of the discharge of 

sludge on the biota at the recommended disposal site were conducted using 

the short-term response of the plankton community. This approach was 

chosen because, with an open ocean discharge, any exposure period would be 

short term and the predominant organisms in the area are plankton. The 

fish population density in the desert-like conditions of nutrient-poor, 

deep tropical waters is extremely sparse and would not serve as good 

bioassay subjects because no base line tests are available and the fish 

are very difficult to obtain in consistent sizes and adequate numbers. In 

any case, it is highly unlikely that the sludge has any significant direct 

toxic effect on fish that would be measurable in an acute bioassay test. 

The major effect is one of DO demand, which is best measured directly. 
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The bioassay procedure utilizing plankton involved the measurement of 

photosynthesis and respiration rate changes with exposure times up to 

three hours with various dilutions of sludge with sea water. The back

ground test water selected was outer Pago Pago,Harbor surface water 

because it contained a more significant plankton concentration than the 

open ocean water. Bottles (500 ml size) filled with test water with 0.5, 

0.2, 0.1, 0.01, and 0.005 percent sludge additions were incubated for 

three hours under light and dark conditions in outer Pago Pago Harbor. 

The initial and final dissolved oxygen concentrations were measured using 

a DO meter as previously described. An initial test of this procedure 

using three replicates shows excellent reproducibility, within 0.1 mg/1 DO. 

The incubation temperature was the ambient water temperature in the 

upper layer of outer Pago Pago Harbor, which varied between 28.0 and 

28.8°C. 

A time sequence test was also conducted to observe the rate of change 

of DO with a constant sludge addition of 0.2 percent. This test showed 

how much of the DO demand is immediate (i.e., generally chemical) and how 

much is due to biological action. 

Test sludge releases were conducted with both Starkist and Van Camp 

sludges at Dump Site No. 1 using 30 gallons for each release. To simulate 

the worst case condition as well as to allow ready observation, the 

30 gallons were released all at once at the surface. Observations were 

made of the approximate rate of dispersion and rate of sinking by means of 

photographs and diver observations. The amounts of floatable and slick 

forming materials were also noted. 

LABORATORY MEASUREMENTS CONDUCTED IN HONOLULU 

With the exception of the analyses for chlorophyll-a, all analyses 

.,iere conducted in duplicate. Demineralized tap water was used for all 

distilled water needs. 

The samples for the analyses of TKN, N02+N0
3

, and TP were preserved 

with sulfuric acid to a pH under two in 500 ml nalgene wide-mouth bottles. 

Heavy metals analyses were perfonned on sludge samples preserved with 

nitric acid. These sample bottles were packed with ice in styrofoam ice 
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coolers then shipped to the laboratory in Honolulu via air freight. 

Chlorophyll-a acetone extraction samples were also packed in these styro

foam coolers. Sludge samples for DDT and DDE and other analyses were 

shipped in glass bottles. Once transported to ,the laboratory, samples 

were immediately stored in a refrigerator maintained at a temperature of 

4 °C. 

Total Kjeldahl Nitrogen 

The method described by Strickland and Parsons in A Practical 

Handbook of Seawater Analysis was followed with the following modifi

cations. Digestion of samples was complete after all "smoke" cleared in 

the 125 ml erlenmeyer flasks. The addition of 11 ml of the developing 

solution for seawater samples consisted of this ratio: 100 ml NaOH (330 g/ 

2,000 ml), 10 ml KBr (1.5 g/250 ml), and 0.75 ml Chlorox. The developing 

period was 3.5 hours. For the fresh water samples, the developing solu

tion consisted of this ratio: 100 ml NaOH, 10 ml KBr, and 1.5 ml Chlorox 

and the developing period was 1.5 hours. 

Nitrate Plus Nitrite Nitrogen 

The cadmium reduction column method of Strickland and Parsons was 

used. To maximize the reducing power of cadmium, samples were filtered 

through GF/C glass fiber filter papers, which retain particles in the 

semi-colloidal range, before passage through the reduction columns. 

Duplicate blanks and triplicate standards were passed through each of the 

two columns used for each day on which the columns were used. 

Total Phosphorus 

The "Single Reagent Method" described in the Manual of Methods for 

Chemical Analysis of Water and Wastes, Environmental Protection Agency, 

1974, was used for seawater and estuarine waters. Boiling glass beads 

where used to prevent bumping and make evaporation of samples smoother. 

Oil and Grease 

The "Separatory Funnel Extraction Method" described in the Manual of 

Methods for Chemical Analysis of Water and Wastes was used. 
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Chlorophyll-a 

The pigments were allowed to extract at 4°C in a refrigerator for at 

least two days instead of about 20 hours as described by Strickland and 

Parsons. The longer extraction period was designed to compensate for the 

fact that filters were not ground up for more efficient extraction. 

Magnesium carbonate was not added for long-term preservation because work 

on samples was started at the earliest possible time. Instead of using 

10 ml extract, 50 ml was used because of the use of 10 cm cells, which 

hold about 25 ml of sample. To correct for evaporation during extraction, 

the volume of the extract was measured just prior to the 10 minute centri

fugation and measurement on the spectrophotometer. 

Protein 

As per the Association of Official Analytical Chemist Methods, ferti

lizer section, 11th edition, 1970. 

Fats 

As per Standard Methods for the Examination of Water and Wastewater, 

"Soxhlet Extraction Method," 14th edition, APHA, AWWA, WPCF, 1975. 

Aluminum and Cadmium 

As per Analvtical Methods for Metal and Pesticide Analysis, Ho Lee 

Young, Ph.D., Chief, Chemistry Section, Laboratory Support Branch, EPA 

Region 9. 

Mercury 

As per Manual of Methods for Chemical Analvsis of Water and Wastes, 

"Manual Cold Vapor Technique (Sediment), 11 U.S. Environmental Protection 

Agency Technology Transfer, 1974. 

DDT and DDE 

As per Manual of Analytical Methods for the Analysis of Pesticide 

Residues in Human and Environmental Samoles, Section 11,B, "Sample Prepa

ration and Analysis of Bottom Sediments," EPA, February 1978. 
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CHAPTER IV 

SLUDGE CHARACTERISTICS 

Prior to the present alum addition with dfssolved air flotation 

treatment, the wastewaters from the canneries were discharged directly 

into inner Pago Pago Harbor. The major difficulties with this practice 

were the accumulation of floatables (primarily grease) along the downwind 

shoreline, significant odor problems, low dissolved oxygen concentrations, 

and generally aesthetically unpleasant water conditions. As a result of 

the installation of the treatment plants, the problems in Pago Pago Harbor 

associated with grease, BOD, and direct discharge of suspended solids from 

the canneries have been greatly alleviated. 

The addition of alum, along with some use of polyelectrolytes as well 

as NaOH for pH adjustment, and the bubble-induced separation serve to 

partly emulsify and generally remove the grease as well as particulate BOD 

and suspended solids. The treatment is very effective, with the resulting 

float containing the alum sludge, ,;;,hich has tied up most of the grease and 

phosphate, as well as other particulate material all in a bubble matrix. 

This material is skimmed off the separation tank and stored in an aerated 

holding tank. Odor-reducing chemicals are added and the sludge is pres

ently transported by tank truck to land disposal sites in the Tafuna area. 

Because of severe limitations in the availability of suitable land dis

posal areas for this sludge, other disposal or use possibilities are being 

exp lo red. 

SLUDGE CHARACTERISTICS 

Table IV-1 gives the medians and ranges of values for a number of 

parameters measured during this study on both the Starkist and Van Camp 

sludges. In general the two sludges are similar, except that the higher 

alum dosage by Van Camp is clearly evident in the higher aluminum content 

of the Van Camp sludge. The Van Camp sludge also appears to be somewhat 

higher in solids concentration and BOD
5

• 

Of special note is that the potentially toxic substances, methylene 

blue active substances (MBAS), cadmium (Cd), and mercury (Hg) are all low. 
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TABLE IV-1 ,, 

AMERICA.~ SA.~OA CANNERY SLUDGE CHARACTERISTICS** 

Parameter Units Starkist Van Camp 

pH Units 5.9 6.1 

Bulk Density grams/ml 0.958 0.893 

Suspended Solids w/w % 14.1 18.5 

Volatile Solids % of ss 86.5 95.4 

Total Organic 
Carbon grams/kg dry weight 567 625 

Total Phosphorus mg/kg 793 804 

Total Kjeldahl 
Nitrogen mg/kg 621 678 

N0
3

+N0 2 Nitrogen mg/kg 0.89 1.00 

BOD5 
mg/1 142,000 225,000 

Protein w/w % 4.28 2.54 

Fat w/w % 6.32 6.16 

MBAS mg/1 12.0 2.8 

Aluminum mg/kg dry weight 1,260 5,770 

Cadmium mg/kg dry weight 3.3 3.5 

Mercury mg/kg dry weight 0.015 0.030 

DDT mg/kg ND* till 

DDE mg/kg ND* ND 

*ND= none detected, detection limits are 0.01 mg/kg. 

1c* Median values of three sets of samples 

IV-2 

Overall Range 

5.8 to 6.2 

o. 773 to 1.017 

9.6 to 21.4 

79.4 to 96.5 

456 to 799 

739 to 1,031 

587 to 769 

0.77 to 1.24 

105,000 to 258,000 

1.48 to 4. 72 

5.80 to 6.50 

o.s to 13.4 

711 to 10,400 

1.3 to 6.4 

0.011 to 0.050 



The predominant characteristic of these sludges is the significant concen-
1 . 

trations of total organic carbon (TOC) and BOD5 • '-These sludges are very 

biologically active and exhibit no signs of inhibiting toxic responses. 

Gas production is vigorous if these sludges ar~ held without pH adjustment 

or other biologically inhibiting preservation technique. 

Additionally, it should be noted that these sludges contain signifi

cant concentrations of total kjeldahl nitrogen (TKN) and especially total 

phosphorus (TP). The TP content can be largely attributed to the use of 

alum in the treatment process. If ocean disposal of this sludge is gener

ally to areas below the photic zone, then there should be little effect 

from these nutrient additions, especially since the material sinks and the 

phosphorus is tied up with the aluminum. 

The most likely effect that this sludge would have on an open ocean 

disposal area is possible oxygen stress related to BOD and TOC. This 

problem can best be dealt with by providing adequate dilution and trans

port and avoiding possible collecting areas for floatables or settleables. 

Sludge Quantities 

According to information provided by the two companies, the present 

averages of sludge productions are as shown in Table IV-2. 

TABLE IV-2 

PRESENT CANNERY SLUDGE QUANTITIES IN AMERICAN SAMOA 

Parameter Units Starkist Van Camp Total 

Minimum us gallons/month 100,000 210,000 310,000 

Average us gallons/month 200,000 325,000 525,000 

Maximum us gallons/month 300,000 420,000 720,000 

The values in Table IV-2 indicate that, on a volume basis, Starkist 

\-KJuld account for 38 percent and Van Camp 62 percent of the total amount 

of sludge to be disposed. Van Camp has projected that it expects a doub

ling of its sludge production over the next five-year period. Although no 
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The predominant characteristic of these sludges is the significant concen

trations of total organic carbon (TOC) and BOD5• These sludges are very 

biologically active and exhibit no signs of inhibiting toxic responses. 

Gas production is vigorous if these sludges ar~ held without pH adjustment 

or other biologically inhibiting preservation technique. 

Additionally, it should be noted that these sludges contain signif i

cant concentrations of total kjeldahl nitrogen (TKN) and especially total 

phosphorus (TP). The TP content can be largely attributed to the use of 

alum. in the treatment process. If ocean disposal of this sludge is gener

ally to areas below the photic zone, then there should be little effect 

from these nutrient additions, especially since the material sinks and the 

phosphorus is tied.up with the- aluminum. 

The most likely effect that this sludge wuld have on an open ocean 

disposal area is. possible oxygen stress related to BOD and TOC. This . .. 
problem can best be dealt with by providing adequate dilution and trans-

port and avoiding possible collecting areas for floatables. or settleables. 

Sludge Quantities 

According to .information provided. by the two companies, the present 

averages of sludge productions are as shown in Table IV-2. 

TABLE IV-2 

PRESENT CANNERY SLUDGE QUANTITIES IN AMERICAN SAMOA 

Parameter Un.its Starkist Van Camp Total 

Minimum us gallons/ ID0nth 100,000 100,000 200,.000 

Average OS gallons/ month 200,000 200,000 400,000 
-

Maximum US gallons/month 300,000 300,000 600,000 

'!he values in Table I.V-2. indicat.e. that, on a volume basis, . Starkist 

,and Van Camp would each account foi;- 50% of the total amount 
• 

of.sludge to be.disposed.. Van Camp has p:i:oi.ected_that it expects a doub-

ling:-: of it;.s sludge _product:i.on over the next fiv:e~vea:r::.. oeriod.. Al.thnuszh.no 

• 1 • -~ 
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projections are available from Starkist, it is reasonable to expect that 

it will have a similar rate of increase. Consequently, for planning and 

permit purposes, the average sludge production is expected to increase 

from the present 400,000 gallons per month to 800,000 gallons per month 

in five years. 

The operation schedule for both canneries varies from three to six 

days per week, with an average of five days per week. The schedules for 

the two plants do not necessarily coincide. This variation in operation 

schedule as well as the vagaries of the weather means that some storage 

facilities may be necessary if open ocean sludge disposal is adopted. 

It is expected that a workable ocean disposal system would also include 

the capability of land disposal for emergency conditions when the storage 

capacity is exceeded and lengthy adverse weather periods or boat break

downs occur. 
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CHAPTER V 

RECEIVING WATER CHARACTERISTICS 

Two areas were investigated for the possiBility of ocean disposal of 

the sludge from the canneries. These areas, shown on Figure V-1, are the 

Tafuna outfall area near the west end of the runway and an offshore area 

outside of the general shipping lanes into and out of Pago Pago Harbor. 

This offshore area has a water depth of 700 to 800 fathoms and can be 

considered as open ocean. 

TAFUNA OUTFALL AREA 

The transport, mixing, and water quality characteristics at the 

Tafuna outfall area were measured during February and July 1979 as part of 

the baseline water quality study for American Samoa under the auspices of 

the U.S. Army Engineer Division. The data presented herein are used with 

their permission. 

The current structure in the nearshore area in the vicinity of the 

present and proposed municipal wastewater outfalls is a result of tidal, 

wind, and wave forces. The surface layer generally responds directly to 

the wind, while the overall water column is mostly influenced by the 

tide-related longshore current. The area shoreward of the breaker zone is 

dominated by onshore breaking wave transport and the recirculating rip 

current pattern. 

The results of the drogue measurements at Tafuna are given on Fig

ures V-2 through V-5. An overall summary of the July 1979 current meter 

data at Tafuna is given on Figure V-6, with the flood tide distribution 

shown on Figure V-7 and the ebb on Figure V-8. 

These data show that in February (and also October according to a 

report by CH
2
M Hill) the tide-related longshore current is northeasterly 

during ebb and southwesterly during flood. The July data show a reversal 

in this pattern, with the ebb-related current moving toward the southwest 

and the flood toward the northeast. The net transport at a depth of 

30 feet during July is toward the southwest at 5.5 cm/sec (O.l knots). 
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The wind effect is evident in the drogue data, which show that the 

surface drogue paths are a combination of direct wind influence and under

lying tide-related longshore current transport. Some of the subsurface 

drogues show transport counter to the wind direction. 

The breaking wave onshore transport and rip current recirculation 

were observed during the latter part of the dye mixing study (discussed 

later). 

Since the prevailing wind direction in American Samoa is from the 

east or southeast, it is evident that the surface layer (and floatable) 

transport in the Tafuna area is generally shoreward. When this layer 

reaches the breaking wave zone, it becomes, for a time, part of the break

ing wave-rip current system, and any floating materials would tend to 

accumulate along the shoreline and influence the shallow reef areas. 

Settleable materials discharged from an outfall would move with the revers

ing longshore current and settle out and accumulate in the deeper near

shore reef areas. Only the materials that move with the water and 

neither settl.e nor float would be transported away from the area to be 

dispersed in the open ocean. 

Mixing measurements were conducted in the vicinity of the Tafuna 

outfall by using timed vertical photographs of a spreading dye patch. The 

results of these observations were calculated according to the technique 

described in the methodology chapter. The results are shown on Figure V-9. 

These data indicate that there is good mixing in the nearshore area at 

Tafuna but that the dispersion coefficient does not increase with scale 

quite as fast as theoretically predicted for an open ocean with no restric

tion on eddy size. For such a condition, the dispersion coefficient would 

increase proportionally to the scale to the 4/3 power. 

Water quality measurements were made in the Tafuna nearshore area on 

four occasions, at three stations (Figure V-10), and generally at two 

depths. All of the results are included in the appendix, while a statis

tical summary is given in Table V-1. These data show clean water condi

tions that do not markedly differ from open ocean water quality (discussed 

later in this chapter). It might be noted that there may be some question 

about the validity of the N0
3 

plus N0
2 

nitrogen levels, which exhibited 
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TABLE V-1 

STATISTICAL SUMMARY OF OPEN COASTAL NEARSHORE STATIONS 

Geometric 
Parameter Depth Number Standard Geometric Standard 

(Units) (feet) of Points Mean Deviation Median Mean Deviation 

Fecal Coliform 3 9 <l 0.2 <1 <1 1. 36 
(II/ 100 ml) 

pH 3 12 8.27 0.056 8.27 8.27 1.01 
60 12 8.27 0.058 8.28 8.27 1.01 

Dissolved Oxygen 3 12 6.22 0.154 6.25 6.21 1.31 
(mg/1) 50 12 5.99 0.146 5.95 5.99 1.28 

Turbidity 3 12 0.2 0.058 0.18 0.193 1.31 
(NTU) 60 12 0.179 0.046 0.175 0.174 1.28 

<: Suspended Solids 3 9 1.64 0.905 2 1.28 2.42 
I .... (mg/1) 60 9 1.86 1.26 2.1 1.48 2.15 w 

Irradiance (ft) 4 153 19 145 152 1.13 

Total Kjeldahl 3 9 101 21.0 107 99.4 1.23 
Nitrogen (ug/1-N) 60 9 95 30.5 100 87.9 1. 62 

Nitrate+ Nitrite 3 12 46.9 33.1 39.2 36.3 2.24 
(ug/1-N) 60 12 35.7 32.9 26.5 24.0 2.74 

Total Phosphorus 3 12 11. 5 8.47 7.45 8.67 2.37 
(ug/1-P) 60 12 6.54 3.26 5.8 5.57 1.96 

Chlorophyll-a 3 12 0.277 0.225 0.215 0.185 2.94 
(ug/1) 60 12 0.233 0.153 0.177 0.190 1. 98 



significantly higher levels in July than in February. Perhaps some 

unknown error in sample preservation occurred for the July samples. 

The nearshore waters at Tafuna show no evidence of any significant or 

consistent stratification down to at least lOO~eet. The waters are 

nutrient poor and, consequently, low in chlorophyll-a. The photic zone 

and accompanying expected coral depth are down to around 150 feet. At the 

time of this study, however, diver observations showed that the coral 

community along this shoreline had been recently severely damaged by 

crown-of-thorns starfish predation. If experience elsewhere is a valid 

guide, it will be a few years before the coral community will recover, 

provided no significant additional stress occurs. 

DUMP SITE NO. 1 

Partly as a result of a field trip in February 1979 by representa

tives of the Environmental Quality Commission, Starkist Foods, Marine 

Resources, Public Works Department, EPA, and H&E Pacific, Dump Site No. 1 

was selected as a primary altenative site to be evaluated if ocean dis

posal of cannery sludge is considered. The factors that were taken into 

account in making this selection included: 

1. The location of the predominant shipping lanes 

2. The distance from shallow benthic communities such as Taema Bank 

and the Tutuila nearshore area 

3. The good open ocean mixing and transport conditions and great 

depth 

4. The relatively short distance fro~ the canneries 

A second possible open ocean site outside the shipping lanes, Dump 

Site No. 2, was considered but was rejected because it was closer to Taema 

Bank and did not offer any advantages over Dump Site No. 1. 

The transport characteristics at Dump Site No. 1 were measured on two 

separate days during flood and ebb tide by the use of drogues. No in situ 

current meter installation was made because of the great depth. The 

drogue vectors are given on Figures V-11 and V-12 along with the predicted 
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tidal pattern and measured wind conditions. For both days, seas were 

10-foot swells from east by southeast, an average condition for this area. 

As expected, this area is too far ofshore and too deep to show any 

observable influence by the tide on the curren~ pattern. The subsurface 

flow as measured by the 100-foot drogue was consistently toward the east. 

The surface flow exhibited significant wind influence. Under light and 

variable wind, the surface flow was toward the south by southwest, while 

during moderate tradewind conditions the surface flow tended to rotate 

clockwise toward north by northwest and decrease somewhat in speed in the 

directon of the shoreline. The intermediate depth drogues at 15 feet and 

30 feet had directions intermediate between the surface and 100-foot 

drogues but with speeds slower than either. Evidently, the 15 to 30-foot 

depth represents the area of interference between the wind-driven surface 

layer and the predominant open ocean currents. The interference effect 

between subsurface and surface flow as well as the restrictive effect of 

the shoreline and especially an embayment on the current speed are illus

trated on Figure V-13. 

It might be noted that the easterly setting of the subsurface current 

in the Dump Site No. 1 area was not as had been predicted on the basis of 

overall South Pacific circulation. The results of direct measurements, 

however, have to take precedence over predictions without measurements. 

It is possible that there is a very large eddy south of Tutuila of 

the same type that has been verified at numerous locations in the North 

Atlantic by intensive investigation (Hartline, 1979). For the purposes of 

this study, it is sufficient to note that the subsurface current at the 

depth that might impinge on the coral community of Taema Bank or nearshore 

Tutuila has a direction that is offshore toward yet deeper waters. 

The current structure of deeper areas is unknown but has little 

direct relevance since there are no areas of upwelling from these depths 

around Tutuila. Consequently, it can be concluded that there is evidence 

that the discharge at Dump Site No. 1 of material that sinks would be a 

disposal method that would not impinge on the coral community or the 

photic zone. 
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The possible effects of a discharge at Dump Site No. 1 would be from 

float ab le mateirial and from the oxygen demand of the sinking materials. 

As discussed later, these potential difficulties can be resolved by mini

mizing floatables by chemically tying up the gr,ease with alum and dis

charging some distance below the surface and by minimizing the effect of 

the oxygen demand by good dilution. 

Water quality measurements at Dump Site No. 1 showed no significant 

or persistent evidence of stratification to at least 100 feet and probably 

to 300 feet. The water quality characteristics did not differ discernibly 

from the other ocean stations as measured during February and July during 

the study for the Corps of Engineers. Consequently, all of the ocean 

water quality data were grouped and statistically analyzed to give a time 

and space averaged description of ocean water around American Samoa. In 

addition to the ocean stations shown on Figure V~14, one station off Tau 

and another off Ofu were included in the data base. 

The statistical summary of the ocean water quality data is given in 

Table V-2. Ihese data indicate a nutrient poor, clear water, low in 

chlorophyll-a., with a photic zone down to about 170 feet. The variability 

of the parameters is given by the geometric standard deviation and is 

illustrated for turbidity, suspended solids, TKN, TP, and chlorophyll-a on 

Figures V-15 through V-19 respectively. These cumulative distributions 

show that the variations of these parameters can be confidently described 

by log-normal statistics. Again, it should be mentioned that there is 

some question regarding the nitrate plus nitrite data because of the large 

difference between the February and July results. 
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TABLE V-2 

STATISTICAL SUMMARY OF OCEAN STATIONS 
Geometric 

Parameter Depth Number Standard Geometric 
(Units) (feet) of Points Mean Deviation Meelian Mean 

Fecal Coliform 3 9 <1 0 <1 < 1 1.00 
(ll/100 ml) 

pH 3 16 8.26 0.057 8.30 8.26 1.01 
60 16 8.26 0.059 8.28 8.26 1.01 

Dissolved Oxygen 3 16 6 .11 0.171 6.10 6 .11 1.03 
(mg/1) 50 16 5.98 0.163 6.00 5.98 1.03 

Turbidity 3 16 0.182 0.046 0.18 0.176 1. 33 
(NTU) 60 16 0.199 0.092 0.17 0.185 1. 47 

Suspended Solids 3 11 1.51 0.485 1.40 1.44 1.37 
< (mg/1) 60 11 1. 28 0.549 1. 33 1.16 1.65 
I 

N 

"'"" Irradiance (ft) 11 168 15 170 167 1.10 

Total Kjedahl 3 17 103 51.6 87 92. 7 1.59 
Nitrogen (ug/1-N) 60 18 106 32.3 103 101 1. 34 

, 

Nitrate & Nitrite 3 18 18.1 19.9 14.3 7.75 6.35 
(ug/1-N) 60 18 15.6 16.8 11.1 6.38 6.88 

Total Phosphorus 3 17 12.8 9.69 12 8.13 3.18 
(ug/1-P) 60 17 11. 2 6.18 9.9 9.45 1.91 ,.. 

Chlorophyll-a 3 14 o. 211 0.154 0.203 0.163 2.16 
(ug/1) 60 15 0.174 0.103 0.146 0.146 1. 94 
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CHAPTER VI 

EVALUATION OF POSSIBLE IMPACTS 

Except for the addition of fresh water and nontoxic quantities of alum, 

NaOH, and polyelectrolytes, the origin of the sludge is the ocean in the 

vicinity of American Samoa. Because of the export of canned fish and other 

products, the effect of the fishing and canning operations is a net decrease 

in the nutrient content of the already nutrient poor waters around American 

Samoa. Similarly, these operations result in a net decrease in the amounts 

of metals and pesticides and other materials that may be contained in the fish 

caught. Considering the relative quantities of these materials in the sur

rounding ocean and in the fish caught, it is not likely that the net decrease 

is significant or even measurable; however, these considerations do show that 

the materials in the sludge are not alien to the ocean and, in fact, consti-
• 

tute only a small fraction of what was removed with the fish. 

The potential difficulties with returning the sludge to the ocean are 

all related to the possibility of localized, long-term, high concentrations 

of materials in the water, on the surface, along the shoreline, or on the 

bottom. The potential effects are both concentration and time dependent. 

Consequently, alleviation of detrimental effects involves dispersion and 

transport as well as avoidance of concentrating areas. 

The potential difficulties are clearly illustrated by considering the 

effects on inner Pago Pago Harbor when all the materials in the sludge were 

discharged into this concentrating area prior to the installation of the 

D.A.F. plants. Low dissolved oxygen, habitat change due to substrate 

smothering, shoreline grease collection, water column eutrophication, and 

generally aesthetically unpleasant conditions resulted. These effects are 

related to long-term, localized, high concentrations of oxygen demanding 

material, settleable solids, floatables, or nutrients. They are not indic

ative of direct toxic effects. 

Two types of tests were conducted to evaluate and quantify the 

possible effects of ocean disposal of the cannery sludge. The first was 

a test release of sludge to determine the amount and character of float

ables, the dispersion characteristics and the settling rate of the settle

ables. The second was a bioassay to measure the time-related response of 
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the predominant group of organisms at the disposal site, the plankton, to 

the most significant character of the sludge, the high concentration of 

organics. 

TEST DISCHARGE RESULTS 

Separate test discharges each of 30 gallons of Starkist and Van Camp 

sludges were conducted at Dump Site No. 1 under typical wind, sea, and 

current conditions. In order to facilitate observation and simulate worst 

case conditions, the releases were each made to the surface in a single 

batch with no artificial mixing. The two tests yielded essentially the 

same results. 

Within two minutes after discharge, a small amount (estimated at 

about 100 ml) of floating "scum" separated from the cloudy sea water

sludge mixture and moved directly with the wind away from the initial 

discharge area. After some search in the downwind direction, this mate

rial could still be located, although somewhat dispersed, a half hour 

later. 

Almost all of the remainder of the material mixed very readily with 

the sea water and dispersed horizontally in a manner similar to that 

observed with dye. The initial bubble structure of the sludge, which gave 

it its low bulk specific gravity, broke down almost immediately and the 

diluted sludge began to sink. Fifteen minutes after release, diver obser

vations showed that the bottom of the expanding sludge "cloud" was at a 

depth of 40 feet, while the horizontal diameter was an estimated 30 to 

35 feet. These observations would indicate an average initial sinking 

rate of about 40 cm per minute and an average dilution of around 9,000:1 

within 15 minutes. Similar dilution rates have been observed with dye in 

open coastal areas. 

Dissolved oxygen measurements made 15 to 20 minutes after release 

showed no discernible difference inside and outside the sludge "cloud"; 

both areas had DO concentrations of 6.3 mg/1. 

The current pattern became visible as the diluting "cloud" sank down

ward. The portion near the surface filoved downwind while the portion below 

20 to 30 feet moved with the predominant current toward the east. 
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Around 30 to 45 minutes after the Initial release the cloud had 

dispersed and moved downward to such an extent that it could no longer be 

definitely located. However, a readily discernible slick formed on the 

surface in a long narrow band extending downwind from the initial release 

area. After around three hours the slick was still visible but had spread 

out to the point where it no longer formed a contiguous pattern but rather 

consisted of a few streaks. It is expected that subsurface release at 

depths of fifty feet or more would significantly decrease both the scum 

and slick formation. 

BIOASSAY 

Possible effects of various concentrations of sludge on the short 

term photosynthesis and respiration rates of the plankton community were 

measured by means of changes in the dissolved oxygen (DO) concentration 

during three hours or less of exposure time. As noted in the methodology 

chapter, the plankton community in the surface waters of outer Pago Pago 

Harbor was selected as bioassay subject rather than the much more dilute 

open ocean community. The geometric mean chlorophyll-a concentration of 

the open ocean, 0.16 mg/1 as well as the geometric mean of suspended 

solids of 1.3 mg/1 indicate a community too dilute to respond measureably. 

The outer harbor plankton community has a higher concentration, as indicated 

by a geometric mean chlorophyll-a level of 1.80 mg/1, and would therefore 

be more likely to exhibit a measurable response. 

It should be noted, however, that the addition of the biologically 

active sludge, with a solids content in the vicinity of 15 percent and a 

BOD
5 greater than 140,000 mg/1, would be expected to mask any planktonic 

response at low dilution factors with its own oxygen demand. Similarly, 

the high oxygen demand would mask any possible direct toxic effects that 

might be measured by acute fish or other macroorganism bioassays at 

relatively high sludge concentrations. If such bioassays are performed 

with constant sludge concentrations low enough to be able to alleviate the 

DO problem with a reasonable amount of aeration (e.g., 10,000:1) then the 

concentrations of the materials that might contribute to an acute response 

(such as MEAS, mercury, cadmium, ammonia or DDT) would all be at too low 
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concentrations to affect the fish. ,Consequently, the water column bio

logical effects question related to the cannery sludge reduces to one of 

determining the time related dilution factor which would accommodate the 
' oxygen demand. If that factor is met any lesser toxic effect will also be 

alleviated. 

It might also be noted that, outside of the areas of a too low DO 

concentration, fish populations have been observed to respond to cannery 

sludge discharges by increasing in density since the sludge is a food 

source rather than one of direct toxicity. 

The results of the test measurements of oxygen changes with the 

addition of various percentages of sludge at a constant incubation time 

are given in Figure VI-1. These results indicate that the DO uptake is 

linear with the percentage of sludge. 

During the performance of these tests it was noted that there was no 

significant or consistent difference hetween light and dark bottle results. 

Evidently the.phytoplankton in the surface layer of outer Pago Pago Harbor 

are not nutrient limited or, more likely, the oxygen demand of the sludge 

was much more significant at these concentrations than the oxygen production 

rate of phytoplankton photosynthesis. In any case, stimulation of phyto

plankton is a population growth response which requires more time than 

three hours to become noticeable. 

The results in Figure VI-1 show that the differences between the 

short term oxygen demand of Van Camp and Starkist sludges are not large 

but that the Van Camp sludge generally exhibited higher oxygen demands. 

This is in line with the somewhat higher TOC, BOD
5

, and suspended solids 

of the Van Camp sludge. 

It is evident from the decreasing oxygen demand shown in Figure VI-1 

for the Van Camp data from July 20 through July 23 that there is significant 

bacteriological degradation of the organic material occurring during 

storage. The three hour DO demand of 0.1 percent Van Camp sludge decreases 

from about 4 mg/1 with fresh sludge to about 1.7 mg/1 with sludge that has 

been stored for three days. Similarly, it would require about a 3,050:1 

dilution within three hours to meet the 80 percent DO saturation limitation 

VI-4 



0 LIGHT BOTTLES 7-20-79 0 LIGHT BOTTLES 7-20-79 

• LIGHT BOTTLES 7-21-79 • DARK BOTTLES 7-21-79 
D DARK BOTTLES 7-23-79 

z 6 z 6 
0 0 

f- f-
<! <! 
m en 
::::::> ::::::> 
u u 
z 5 z 5 

(/) (/) 

a:: a:: 
::::::> ::::::> 
0 0 
I I 

r0 4 r0 4 

- ------ \ ..J ..J \ '- \ '-
(.!) \ (.!) ' ~ \ ~ \ ', < 3 \ 3 \ H z \ ', I z ,, V, w \ w 
(.!) \ (.!) 

' >- \ ', >-X X ' 0 \ \ 0 \ 
0 2 \ \ 0 

2 
\ ', w \ \ w 

> \ \ > \ \ , 
_J _J 
0 \ 0 \ (/) (/) 
(/) \ (/) \ 
0 I \ 0 I \ 

01.-___ _.__ ___ _._ ___ _._ ___ ----'------' 
0.05 0.1 0,15 0.2 

QL-----'-----....L----....L----_._ ___ __. 
0.05 0.1 0.15 0.2 

PERCENT SLUDGE (STARKIST) PERCENT SLUDGE (VAN CAMP) 

FIGURE VI-1 

BIOASSAY RESPONSES TO SLUDGE ADDITIONS 



of the standards (about 5 mg/1) while after three days storage it would 

only require around 1,050:1 dilution. Similar degradation would occur 

after discharge as aerobic bacteriological action oxidizes the organic 

content of the sludge. 

The rate of change of DO with time is shown in Figure VI-2 for 

0,2 percent of three-day old Van Camp sludge. Evidently, there is an 

initial DO demand which might be chemical in nature. This is followed by 

a constant rate of DO decline characteristic of biological action. The 

initial DO demand indicated in Figure VI-2 is about 550 mg/1 per liter of 

sludge. The rate of biological oxygen demand under these conditions 

appears to be about 385 mg per hour per liter of sludge, Again, it should 

be noted that such vigorous biological activity is indicative of nontoxic 

conditions for these organisms. Extrapolating this rate back to the 

conditions with no storage yields a maximum oxygen demand rate of 1,267 mg 

per hour per liter of sludge. 

In sum, increased sludge concentration and length of time of exposure 

increases total oxygen demand while the rate of biological oxygen demand 

decreases with time. These factors can be formulated to calculate the 

minimum dilution required to meet the DO standard: 

Dilution 

where: 

550 + (l,267)(t) -kt 
e 

Dilution= dilution required to not exceeduDO 

~DO = reduction in DO that can be tolerated before 
violating the sandard, in mg/1 

t = time after discharge in hours 

k = decay rate constant= 0.0167 per hour 
(from observed storage decay rate) 

under the assumption of no initial storage and with .6DO = 1.3 mg/1 the 

above formulation was used to construct Figure VI-3. This approach is 

similar to an oxygen sag curve except the maximum oxygen sag is specified 

and the dilution is calculated. A required dilution of just under 22,000:1 

after two and one half days is indicated by this conservative formulation. 

By achieving this dilution, designed to satisfy oxygen requirements, local 

biological effects can be minimized and no toxic responses are expected. 
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POSSIBLE EFFECTS AT DUMP SITE NO. 1 

Dump Site No. 1 has open ocean conditions with respect to currents, 

mixing, depth and water quality. The biologicaf community of importance 

is the plankton community and the associated pelagic fish population. The 

potential effects of the discharge of cannery sludge in this area are 

related to the oxygen demand, nutrient addition, and surface slick for

mation. 

The formation of a surface slick will accompany the discharge of 

cannery sludge. However, this slick can be minimized by continuing to use 

alum treatment which ties up the slick forming materials and allows most 

of them to disperse and sink with the bulk of the sludge. Additionally, 

the slick can be minimized by discharging the sludge at least 50 feet 

below the surface at a controlled rate from a moving vessel. Under such 

discharge conditions the slick forming material would have to travel 

through the water column from an initially dilute condition and be subject 

to chemical and bacteriological alteration. The remaining slick would 

move downwind and may sometimes impinge on the shoreline of Tutuila. 

However, the distance to the shoreline will allow the biodegradable nature 

of the material as well as the dispersion characteristics of the wind and 

wave forces to greatly reduce the quantities and concentrations of the 

slick forming materials so that no detrimental shoreline accumulation of 

detrimental biological effects are expected. 

The potential effect of nutrient addition at Dump Site No. 1 is not 

expected to be significant because most of the material being discharged 

will sink below the photic zone depth of around 170 feet. The strong bond 

between the aluminum and phosphate indicates that the phosphorus will not 

be quickly solubilized and will likely sink out of the photic zone. It is 

expected that some portion of the TKN will remain above the photic depth 

and may contribute to a slightly enhanced phytoplankton population. This 

effect, however, is not expected to be significant or even measurable 

because of the intermittent nature of the discharge over both time and 

space. Since growth responds to changes in the average condition rather 

than to isolated peaks no significant growth response is likely. 

VI-9 



The effect of the discharge on the local oxygen content can be detri

mental if adequate dilution is not achieved. Good initial dilution is the 

key to the prevention of potential problems since this is the only aspect 
... 

of the dilution process that is directly under the control of the dis-

charger. Subsequent dispersion in this area is as good as can be expected 

anywhere but is not enough without good initial dilution. Because most of 

the material sinks, there is additional dilution potential above that due 

to eddy dispersion. 

The effect of this material on the bottom is expected to be small 

because of the great depth and the likelyhood that the sinking rate of the 

material will reduce greatly with the increasing water density at greater 

depths. It is possible that much of the material will end up, along with 

much of the other sinking natural organic material, at the minimum oxygen 

zone in the water column a considerable distance above the bottom. 

POSSIBLE EFFECTS AT THE TAFUNA OUTFALL 

The alternative of discharging the cannery sludge via the present or 

possible future Tafuna outfall has the advantages of not being affected by 

bad weather and of being able to continue using the already existing 

system of truck transport. 

However, there are several significant environmental disadvantages to 

discharging sludge in the nearshore area. The slick and scum resulting 

from a discharge this close to shore would not be significantly dispersed 

or biologically degraded before being transported to the shoreline by the 

prevailing wind and breaking wave action. This material would likely 

accumulate and may result in detrimental biological effects and undesirable 

aesthetic conditions. 

Because most of the material to be discharged sinks and because the 

transport in this area is parallel to the depth contours due to the 

alternating tide related currents it is likely that much of the material 

will accumulate on the bottom and detrimentally impact the coral based 

benthic community in the photic zone. This impact would result both from 

the organic loading and the change in the character of the substratum. 
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The third significant environmental disadvantage is related to the 

large oxygen demand of the sludge and the consequent large dilution 

requirement. It is very unlikely that this dilution requirement can be 

achieved even with an optimally designed diffuser system. In conventional 

municipal wastewater outfall diffuser design most of the initial dilution 

is achieved through the buoyancy of the plume. The sludge plume would not 

be particularly buoyant after the breakdwon of the residual DAF bubble 

matirx. This breakdown was observed to occur very rapidly during the test 

discharge. If adequate dilution is not achieved then there will be areas 

along the transport path of the sludge plume with low dissolved oxygen. 

This would have detrimental effects on both the water column and benthic 

communities. 
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CHAPTER VII 

RECOMMENDATIONS 

On the basis of the evaluation in the previous chapter of the possible 

environmental impacts at the two ocean disposal areas considered it is 

recommended that Dump Site No. 1 be chosen as the disposal area for the 

sludge being generated by the dissolved air flotation treatment processes 

at the Starkist and Van Camp tuna canneries in American Samoa. 

In order to accommodate the maneuvering area necessary to provide the 

dilution required to meet the dissolved oxygen standard it is recommended 

that the designated disposal area be at least one nautical mile in diameter 

centered at 14°22' South latitude and 170°41' West longitude as shown in 

Figure VII-1. 

The recommended disposal method to provide adequate initial dilution, 

minimize slick and floating scum formation, and achieve dispersal would 

involve controlled subsurface discharge from a vessel circling within the 

disposal area. A six-inch diameter flexible line discharging at below 

50 feet at a rate of 500 gpm from a vessel moving at 5 knots would achieve 

an average dilution after about 15 minutes of about 9,000:1 based on the 

observed rate of dispersion during the test discharge. The subsequent 

dispersion will be more than adequate to meet the estimated 22,000:1 

minimum dilution required two and one half days after discharge. This 

rate of discharge would require a suction lift sludge pump of around 

35 horsepower. The discharge line should be noncollapsable with a control 

cable running from near the discharge end to a winch forward of where 

discharge line leaves the vessel. More detailed design and experience 

will show the best combination of discharge line length, amount of weight, 

and control cable length to control the discharge depth. It may also be 

possible to use an upside down "wing", rather than a weight, to help keep 

the discharge line submerged. The amount of dilution can be controlled by 

either the vessel speed or the discharge pump rate. 

If the vessel has a working capacity of about 50,000 gallons then it 

will take about 100 minutes to discharge a full load. At the current 
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production rate this would mean a disposal trip every three days on the 

average. Experience will show whether additional storage capacity is 

required to achieve acceptable reliability of the system. 

It is recommended that an agreement be reached with the American 

Samoa government to allow for emergency land disposal of the sludge during 

periods of unusually long-term adverse weather or other conditions prevent

ing the ocean disposal of the sludge. The exercise of such an option 

should, of course, be kept to a minimum. 

Finally, it is recommended that a monitoring program of the discharge 

area be instituted to measure dissolved oxygen, turbidity and chlorophyll-a 

as well as to observe the extent and characteristics of any slick formation 

resulting from the sludge discharge •. If adverse effects are detected 

these data can be used to beneficially alter the treatment or discharge 

practices or even relocate the•discharge area. 
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TABLE-A-1 

11 WET SEASON" WATER QUALITY SAMPLING RESULTS IN AMERICAN SAMOA 

Relative Suspended Total Fecal 
Station No. Depth Irradiance Salinity Temgerature D.O. Turbidity Solids Coliform Coliform 

Date (Location) (ft) (%) (o/oo) ( C) (ppm) (NTU) pH (mg/1) (1//100 ml) (l//100 ml) 

2/13/79 1 SUR 50 34.38 28.90 6.1 0.23 8.30 <l <1 
'(Taema:· Bank) 5 

10 20 34.35 
15 28.64 
20 10 
30 10 
40 10 
50 5 34.40 28.60 5.8 
60 5 0.24 8.30 
70 4 
80 4 
90 4 

100 4 34.40 28.70 
110 4 
120 3 
150 2 
170 1 

2/13/79 2 SUR 50 34.20 29.20 6.2 0.32 8.30 < 1 < 1 (Tafuna) 10 20 34.30 29.10 
20 10 34;40 29.00 
30 10 34.40 28.90 
40 9 34.40 28.90 
50 5 34.40 28.80 5,8 
60 5 34.40 28.80 0.18 8.30 
70 5 34.40 28.80 

> 80 5 34.45 28.75 
I 90 34.45 28.75 - 100 4 34.50 28.70 

110 3 
120 2 
140 1 



Relative Suspended Total Fecal 
Station No. Depth Irradiance Salinity Temgerature D.'O. Turbidity Solids Coliform Coliform 

Date (Location) (ft) (%) (o/oo) ( C) (ppm) (NTU) pH (mg/1) (///100 ml) ({//100 ml) 

') 

2/13/79 3 SUR 50 33.80 29.40 6.4 0.26 8.33 <2 <2 
(Tafuna) 5 34.00 29.40 

10 20 34.30 29.10 
20 20 34.40 28.90 
30 20 34.40 28.90 
40 15 34.40 28.90 
50 15 34.40 28.80 6.0 
60 10 34.40 28.75 0.22 8.33 
70 10 34.40 28.70 

2/13/79 4 SUR 50 33.80 29.40 6.3 0.27 8.32 <2 <2 
(Tafuna) ·10 30 34.40 29.00 

20 30 34.40 20.00 
30 25 34.40 28.90 
40 25 34.40 28.90 
50 15 34.40 28.90 6.0 
60 15 34.40 28.90 0.29 8.33 

2/15/79 14 SUR 50 34.40 29.00 6.3 0.21 8.25 4 <l 
(Vatia off- 10 30 34.40 29.00 

shore) 20 30 34.45 29.00 
30 20 34.45 28.95 
40 15 34.45 28.90 
50 15 34.45 28.90 6.1 
60 5 34.50 28.90 0.17 8.25 
70 5 34.50 28.80 
80 4 34.50 28.80 
90 4 34.50 28.80 

> 100 4 34.50 28.80 I 
N 110 2 

120 1.5 
130 1.5 
140 1 



Relative Suspended Total Fecal 
Station No. Depth Irradiance Salinity Temgerature D.O. Turbidity Solids Coliform Coliform 

Date (Location) (ft) (%) (o/oo) ( C) (ppm) (NTU) pH (rng/1) (1//100 ml) (1//100 ml) 
2/15/79 16 SUR 50 34.50 29.20 6.3 0.18 8.30 <1 <1 

(Fagasa 10 30 34.50 29.10 
Offshore) 20 20 34.60 29.00 

30 10 34.60 29.00 
40 10 34.60 28.90 
50 10 34.60 28.90 6.1 
60 10 34.60 28.90 0.16 8.30 
70 10 34.60 28.90 
80 10 34.60 28.80 
90 9 34.60 28.80 

100 8 34.60 28.80 
110 6 
120 5 
130 3.5 
140 3 
150 2 
160 2 
170 2 
180 1 / 

2/21/79 14 SUR 34.30 28.80 6.2 0.22 8.30 1.07 
(Vatia 10 34.30 28.80 

Off Shore) 20 34.35 28.60 
30 34.40 28.60 
40 34.45 28.60 
50 34.45 28.50 6.1 
60 34.45 28.50 0.33 8.31 1.33 , 
70 34.45 28.50 
80 34.45 28.50 
90 34.46 28.50 

100 34.45 28.50 

2/21/79 16 SUR 34.40 29.00 6,1 0,22 8.31 1.27 
(Fagasa 10 34.40 28.90 

> Off Shore) 20 34.50 28.80 I 
w 30 34.50 28.70 

40 34.50 28.50 
50 34.50 28.50 6.0 
60 34.50 28.50 0,47 8.32 1.60 
70 34.50 28.50 
80 34.54 28.50 
90 34.55 28.50 

100 34.55 28.50 



Relative Suspended Total Fecal 
Station No. Depth Irradiance Salinity Temgerature D.o. Turbidity Solids Coliform Coliform 

Date (Location) (ft) (%) (o/oo) ( C) (ppm) (NTU) pH (mg/1) (l//100 ml) (1//100 ml) 

2/22/79 1 SUR 34.60 28.80 6.03 0.20 8.29 1.47 
(Taema Bank) 10 34.60 28.75 

20 34.65 28.70 
30 34.65 28.75 
40 34,65 28. 70 
50 34.65 28,60 6.00 
60 34.65 28.60 0.15 8.29 1.73 · 
70 34.65 28.60 
80 34.65 28.60 
90 34.65 28.60 

100 34.65 28.60 

2/22/79 Dump SUR 34.60 28.70 6,0 0.15 8.31 2.13 
Site No. l 10 34.60 28.60 

20 34.60 28.60 
30 34.60 28.60 
40 34.64 28.60 
50 34.65 28.56 5.9 
60 34.65 28.55 0.24 8.32 1.87 
70 34.65 28.50 
80 34.65 28.50 
90 34.65 28.50 

100 34.65 28.50 

2/22/79 Dump SUR 34.50 28.80 6.0 0.17 8.33 2.27 
Site No. 2 10 34.60 28.80 

20 34.55 28.70 
30 34.60 28.70 

> 40 34.60 28.65 
I 50 34.62 28.60 5.9 .f:-

60 34.64 28.60 0.15 8.32 1.47 
70 34.64 28.60 
80 34.65 28.60 
90 34.65 28.60 

100 34.65 28.60 



Relative Suspended Total Fecal 
Station No. Depth Irradiance Salinity Temgerature D.O. Turbidity Solids Coliform Coliform 

Date (Location) (ft) (%) (o/oo) ( C) (ppm) (NTU) pH (mg/1) (tl/100 ml) (11/100 ml) 

2/22/79 4 SUR 34.42 28.90 6.1 0.17 8.32 2.00 
(T~~na) 10 34.46 28.90 

20 34.46 28.90 
30 34.50 28.80 
40 34.50 28,80 
50 34,50 28.68 5.9 0.21 8.33 2.33 
60 34.50 28.65 
70 34.50 28,60 
80 34.55 28.60 
90 34.57 28.60 

100 34.57 28,60 

2/22/79 3 SUR 34.40 29.00 '6,1 0.15 8.33 2.67 
(Tafuna) 10 34.38 29.00 

20 34.45 28.70 
30 34.45 28.70 
40 34.48 28.60 
50 34.52 28.60 5.95 
60 34,52 28.60 0.16 8.33 2.33 

2/22/79 2 SUR 34.40 28.90 5.95 0.19 8.30 2.47 
(Tafuna) 10 34.50 28.85 

20 34.54 28.70 
30 34.60 28.60 

> 40 34.60 28.64 
I 50 34.60 28.60 5.90 0.17 8.33 2.60 V, 

60 34.60 28,60 
70 34,60 28,60 
80 34.60 28.60 
90 34,60 28.60 

100 34,60 28.60 



TABLE A-2 

"DRY SEASON" WATER QUALITY SAMPLING RESULTS IN AMERICAN SAMOA 

Relative Suspended Fecal 
Station No. Depth Irradiance Salinity Temp. D.O. Turbidity Solids Coliform 

Date (Location) (ft) (%) (o/oo) (OC) (ppm) (NTU) pH (mg/1) (1//100 ml) 

7 /3/79 Dump Site No. l Sur 50 33.37 28.10 5.75 0.16 8.19 2.2 1 
5 40 33.42 28.10 

10 30 33.42 28.10 
20 30 33.42 28.10 
30 30 33.42 28.10 
40 20 33.42 28.10 
50 20 33.47 28.10 5.75 
60 20 33. 4 7 28.05 0.12 8.20 2.2 
70 15 33.4 7 28.05 
80 10 33.47 28,05 
90 7 33.4 7 28.05 

100 7 33.47 28.05 
110 7 
120 7 
130 6 
140 5 
150 4 
160 3 
170 1 
300 0. 13 8,22 2.5 

7 /3/79 1 Sur 60 33.42 28.20 5.85 0.08 8,23 1.0 l 
(Taema Bank) 5 50 33.45 28.20 

10 40 33.42 28.20 
20 40 33.42 28.20 
30 40 33.42 28. 20 
40 30 33.42 28.15 
50 25 33.42 28.15 5.75 

:> 60 17 33.47 28.10 0.13 8.23 0.9 
1 70 12 33.4 7 28.10 a, 

80 9 33.47 28.10 
90 7 33.47 28.10 

100 5 33.47 28.10 
110 3 
120 2.5 
130 2.0 
140 1.0 



Table A-2, Cont. 

Relative Suspended Fecal 
Station No. Depth Irradiance Salinity Temp. o.o. Turbidity Solids Coliform 

Date (Location) (ft) (%) (o/oo) (OC) (ppm) (NTU) pH (mg/1) (II I 100 ml) 

7 /3/79 2 Sur 50 33.37 28.20 6.20 0.13 8.23 1.7 1 
(Tafuna) 5 40 33.42 28.15 

10 40 33.42 28.15 
20 30 33.42 28. 15 
30 30 33.42 28.15 
40 25 33.42 28.15 
50 20 33.42 28.00 5.90 
60 15 33 .42 28.01 0.11 8.24 0.8 
70 13 33.42 28.00 
80 10 33.42 28.05 
90 8 33.42 28.00 

100 7 33.42 28.00 
110 5 33.42 
120 3 33.42 
130 3 33.42 
140 1 33.42 

7 /3/79 3 Sur 50 33.27 28.20 6.45 0.23 8.24 2.2 1 
(Tafuna) 5 40 33. 37 28.20 

10 40 33.37 28.15 
20 30 33.42 28.15 
30 25 33.42 28.15 
40 20 33.40 28.15 
50 15 33.4 7 28,00 5.95 0.16 8.23 4.4 
60 Bottom 

> 
I 

-.J 



Table A-2, Cont. 

Relative Suspended Fecal 
Station No. Depth Irradiance Salinity Temp. D.o. Turbidity Solids Coliform 

Date (Location) (ft) (%) (o/oo) (OC) (ppm) (NTU) pH (mg/ 1) (fJ/100 ml) 

7 /3/79 4 Sur 50 33.37 28.20 6.00 0.18 8.22 2.2 1 
(Tafuna) 5 40 33.42 28.20 

10 30 33.42 28.20 
20 25 33. 42 28.20 
30 20 33.42 28.15 
40 20 33.42 28.15 
50 16 33.42 28.10 5.85 
60 14 33.42 28.10 0.18 8.25 2.1 
70 11 33.42 28.10 
80 9 33.42 28.10 
90 7 33.42 28.10 

100 5 33.42 28.10 
110 4 
120 3 
130 3 
140 3 
150 1 

7 /6/79 14 Sur 40 33.37 28.30 6.20 0.13 8.25 1.4 1 
(Vatia - Offshore) 5 20 33.4 7 28.30 

10 20 33.47 28.25 
20 20 33.4 7 28. 20 · 
30 20 33.47 28.20 
40 18 33.47 28.20 
50 15 33.51 28.20 5.90 
60 10 33. 51 28.20 0.11 8.25 1.0 
70 9 33.52 28.20 
80 7 33. 52 28.20 
90 5 33.57 28.20 

► 100 4.5 33.57 28.20 I 
co 110 3.5 

120 3 
130 2.5 
140 2 
150 1.5 
160 1.3 
170 1 



Table A-2, Cont. 

Relative Suspended Fecal 
Station No. Depth Irradiance Salinity Temp. D.O. Turbidity Solids Colifonn 

Date (Location) (ft) (%) (o/oo) (OC) (ppm) (NTU) pH (mg/1) (II /100 ml) 

7 /10/79 l Sur 70 33.4 7 28.10 6.30 0.18 8.18 0.9 l 
(Taema Bank) 5 50 33.47 28.10 

10 50 33.47 28.10 
20 40 33.52 28.10 
30 35 33 .52 28.00 
40 30 33.52 28.00 
50 25 33. 52 28.00 6.30 
60 19 33.47 28.00 0.19 8.19 0.4 
70 15 3 3.4 7 28.00 
80 13 33.47 28.00 
90 10 33.4 7 28.00 

100 8.5 33.47 28.00 
110 7 
120 5.5 
130 4.5 
140 4 ; 

150 3 
160 2 
170 l 



Table A-2, Cont. 

Relative Suspended Fecal 
Station No. Depth Irradiance Salinity Temp. D.O. Turbidity Solids Coliform 

Date (Location) (ft) (%) (o/oo) (OC) (ppm) (NTU) pH (mg/1) (///100 ml) 

7/6/79 16 Sur 60 33.27 28.10 6.00 0.16 8.25 1.5 1 
(Fagasa - Offshore) 5 50 33.4 7 28.20 

10 35 33.52 28.20 
20 30 33.57 28.15 
30 20 33.57 28.10 
40 15 33.57 28.10 
50 15 33.57 28.10 5.80 
60 9 33.57 28.10 0.14 8.23 0.9 
70 7 33.62 28.10 
80 6 33.62 28.10 
90 3 33. 62 28.10 

100 2 33.62 28.10 
110 2 
120 1.5 
130 1.5 
140 1.5 
150 1.5 
160 1.5 
170 1.5 
180 1.0 



> 
I ,.... ,.... 

Date 

7 /10/79 

Station No. 
(Location) 

2 
(Ta funa) 

Depth 
(ft) 

Sur 
5 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 

Table A-2, Cont. 

Relative 
Irradiance Salinity Temp. 

(%) (o/oo) . ( OC) 

50 33.32 28.15 
35 33.47 28.15 
30 33.47 28. 10 
25 33.47 28.10 
17 33.47 28.05 
17 33.47 28.05 
15 33.47 28.05 
12 33.47 28.05 

9.5 33.47 28.05 
7.5 33.47 28.00 

6 33.47 28.00 
5 33. 4 7 28.00 
4 
3 

2.5 
2 

1.8 
1.5 
1.3 

1 

Suspended Fecal 
D.O. Turbidity Solids Coliform 

(ppm) (NTU) pH (mg/1) (///100 ml) 

6.30 0.17 8.19 0.6 1 

6.20 
0.16 8.19 1.0 

~ 



> 
I -N 

Date 

7 /10/79 

7 /10/79 

Station No. 
(Location) 

3 
' (Tafuna) 

4 
(Tafuna) 

Depth 
(ft) 

Sur 
5 

10 
20 
30 
40 
50 
55 

Sur 
5 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 

Table A-2, Cont. 

Relative 
Irradiance Salinity Temp. 

(%) (o/oo) (OC) 

50 32.97 28.15 
35 33.27 28.10 
25 33.47 28.10 
20 33.47 28. 10 
14 33.4 7 28.10 
10 33.47 28.10 
9 33.4 7 28.05 

Bottom 

55 32.97 28.20 
50 33.4 7 28.20 
35 33.47 28.20 
30 33.47 28. 15 
22 33.47 28.10 
18 33.4 7 28.10 
10 33.47 28.10 
12 33.47 28.05 
12 33.47 28.05 
9 33.4 7 28.05 
7 33.47 28.05 
5 33.4 7 28.05 
4 

Suspended Fecal 
n.o. Turbidity Solids Coliform 

(ppm) (NTU) pH (rng/1) (///100 ml) 

6.30 0.18 8.19 0.2 1 

6.30 0.18 8.19 0.8 

6.30 0.15 8.22 0.7 1 

6.10 
0.13 8.22 0.4 



> 
I .... 

w 

Date 

7/10/79 

Station No. 
(Location) 

Dump Site No. 1 

-D•!fllp Site No.. 1 

Depth 
(ft) 

Sur 
5 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
300 

Table A-2, Cont. 

Relative 
Irradiance Salinity Temp. 

(%) (o/oo) (OC) 

60 33.47 28.10 
50 33.4 7 28.10 
40 33.47 28.10 
35 33.4 7 28.05 
30 33.47 28.05 
25 33.4 7 28.05 
20 33.47 28.05 
15 33.4 7 28.00 
13 33.47 28.00 

8.5 33.4 7 28.00 
7 33.47 28.00 

5.5 33.47 28.00 
4.5 
3.8 

3 
2.5 

2 
1.8 
1.5 

1 

Suspended Fecal 
D.O. Turbidity Solids Coliform 

(ppm) (NTU) pH (mg/ 1) (/1/100 ml) 

6.30 0.14 8.13 1.4 1 

6.20 
0.17 8.11 0.7 

,, 

0.13 8.10 1.1 



TABLE A-3 

NUTRIENT, CHLOROPHYLL-A, AND OIL AND GREASE 
RESULTS FOR AMERICAN SAMOA WET- SEASON SAMPLING 

Total Kjeldahl Total 
Station No. Depth Date Nitrogen Phosphorus N0

2
+NO Chloroph~l 1-a Oil and Grease 

(Location) (ft) Sampled (ug/1-N) (ug/1-P) (ug/1-~) (mg/m ) (mg/1) 

1 Surface 2/13 141. 5 1.9 24.4 0.444 
(Taema Bank) 60 ft 107.7 9.6 26.0 0.221 

2 Surface 2/13 133.1 8.9 20.9 o. 508 
(Tafuna) 60 ft 105.8 16.9 14.3 0.556 

3 Surface 2/13 76.4 16.9 34.0 0.790 
(Tafuna) 60 ft 105.8 3.8 26.1 0.141 

4 Surface 2/13 74.6 13.6 125.9 0.441 
(Tafuna) 60 ft 25.8 4.2 15.l 0.442 

16 Surface 2/15 86.3 2 12.9 0.239 ~ 

(Fagasa-Offshore) 60 ft 80.2 7.5 13.7 0.204 

14 Surface 2/15 137.6 12. 0 17.9 0.109 
(Vatia-Offshore) 60 ft 97. 7 · 5.4 15.4 o. 242 



-~ 

Total Kjeldahl Total 
Station No. Depth Date Nitrogen Phosphorus N02+NO Chloroph~ll-a Oil and Grease 
(Location) (ft) Sampled (ug/1-N) (ug/1-P) (ug/1-~) (mg/m) (mg/1) 

1 Surface 2/22 123. 9 48.0 4.4 0.227 
(Taerna Bank) 60 ft 110. 3 26. 0 1.9 0,45 7 

2 Surf ace 2/22 14 7. 0 17. 2 11. 5 ND 

(Tafuna) 60 ft 128 • .1 3.8 2.8 0.340 

3 Surface 2/22 85.1 22. 2 47.6 0,228 
(Tafuna) 60 ft 112. 4 10.4 7.8 0.277 

4 Surface 2/22 143. 9 29. 9 7.1 0.267 
(Tafuna) 60 ft g9_3 2 21.l 0.290 

14 Surface 2/21 · 81.9 32. 5 2.5 0.334 

(Vatia-Offshore) 60 ft 104. 0 98.2 1.6 0.146 

16 Surface 2/21 43.1 22. 2 0.04 
(Fagasa -Offshore) 60 ft 149. 1 17. 2 ND 0.088 

,, 
141. 6 25.5 Dump Site Ill Surface 2/22 25.2 0.050 

60 ft 181. 7 12. 5 8.4 0.025 

Dump Site 112 Surface 2/22 143.9 2 1.6 0.077 
60 ft 158.6 17.9 2.4 0,066 



Station 
Date (Stream Name) 

7/3/79 1 
(Taema Bank) 

2 
(Tafuna) 

3 
(Tafuna) 

4 
(Tafun;i 'I 

7/6/79 14 
(Vatia Offshore) 

16 
(Fagasa Offshore) 

7/10/78 1 
(Taema Bar:.k) 

2 
(Tafuna) 

► 3 
I ..... (Tafuna) 
~ 

4 
(Tafuna) 

TABLE A-4 

NUTRIENT, CHLOROPHYLL-A, OIL AND GREASE 

RESULTS FOR AMERICAN SAMOA - DRY SEASON SAMPLING 

Total 
Kj eldahl Total N0

2
+N0

3 Depth Nitrogen Phosphorus 
(ft) . (ug/1-N) (ug/1-P) (ug/1-N) 

Surface 8.0 28. 9 
60 6.7 24. 0 

Surface 6.4 40.0 
60 5.8 26. 8 

Surface 4.9 38,4 
60 5.8 37. 0 

Surface 5.5 31. 9 
60 4.9 30.5 

Surface 59 18.1 28. 8 
60 79 16.6 25.4 

Surface 87 16.6 29.0 
60 85 16.9 26.4 

Surface 130 8.8 85.5 
60 110 9.9 68.8 

Surface 88 7. 8 62, 9 
60 117 11.9 76.3 

Surface 120 7.1 85,4 
60 134 8.5 118.4 

Surface 118 6.1 57.5 
60 99 9.5 52. 6 

Chlorophyll-a 
Oil and 

3 Grease 
(mg/rn) (mg/1) 

0.085 
o. 141 

o. 161 
0.056 

o. 202 
o. 212 

0,035 
0.141 

o. 14 2 
o. 270 

; 

o. 224 
o. 119 

0.182 
0.093 

a. 146 
a. 111 

0.106 
0.092 

0.416 
o. 139 



A P P E N D I X B 



~~,'~•·-~,-~~:_:,_·_, . ' -~ : :_~"~!~!;:r;~;;t::1:--:: ·~-~--- . -- -
---------STUDY AREA -- _.,-·_-::~-AMERICAN SAMOA 
'.. LOCATION ' / '"·}·,~-·'OCEAN STAT IONS 

PARAMETER - - ' -. . PH 
' . l '," :.'' .~' 

NUMBER OF DATA POINTS 
MEDIAN 
SMALLEST NUMBER 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

'.-/· 
·, ¥- CEOMETR IC MEAN 

,f ·,;,/' GEOMETRIC STANDARD 
-tt!\.,,'. 84.1¼ FREQUENCY VE 

DEVIATION 

N-&f¥,it; .· 15.9¼ FREQUENCY VE 
-~~·~·· 

'. NO. POINTS INDIVIDUAL 

~: 1 8. 10121 
2 8.1 i!Zf 
3 8.131Zf 
4 8. 18121 
5 8.1913 
6 8.1913 
7 8. 20121 
8 8. 2213 
9 8. 23lZf 

10 8. 23121 
11 8. 23121 
12 8. 25121 
13 8.250 
14 8. 251!1 
15 8. 2513 
16 8. 2513 
17 8. 2713 
18 8.2913 
19 8. 2913 
20 8. 312l13 
21 8. 301!1 
22 8. 3013 
23 8. 301!1 
24 8. 3013 
25 8. 30121 
26 8. 3013 
27 8. 3131!1 
28 8.3112l 
29 8.3113 
30 8.311!1 
31 8. 3213 
32 8. 3213 
33 8.320 
34 8. 3313 

·~; :J~ ·~: -, , .. ::·. - :~~,:: ' . ;.· 

POINTS 

34 
a.-2s 
8. 1 
8.33 

8.25676 
6.2!3711E-132 
7.51761E-12l3 

8.25651 
1 • 0121758 
8.31906 
8.19443 

F <I> 

• 12115 
.044 
• 12174 
.103 
.132 
.162 
.191 
.221 
.250 
.279 
.309 
.338 
.368 
.397 
.426 
.456 
.485 
.515 
.544 
.574 
.603 
.632 
.662 
.691 
.721 
.750 
.779 
.809 
.838 
.868 
.897 
.926 
.956 
.985 

. /•;)\< ,:?:;.;,~::·;:·' .... : :· ·t '""· .... . 'J. .. ; .. -~ ';-·'., . ii' 
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I . ,, . ··~ . : ·. ,i 

~t '. ; ',< ' 

--- '- ' 

r. 
( -, __ · 

( 

( 

( 

C 
,, 

( 
.; 

(_ ·, 

C 

( 

(_ 

( 

( 

(__ 

l 

\' 

(_' 

C 



STUDY AREA 
.!LOCATION 

~· PARAMETER 

AMERICAN SAMOA 
OCEAN STATIONS 
DISSOLVED OXYGEN CMG/L) 

NUMBER OF DATA POINTS ' 32 
.-. · MEDIAN 

SMALLEST NUMBER 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 
84.1¼ FREQUENCY VE 
15.9¼ FREQUENCY VE 

:,, .; 

NO. POINTS 

1· 

INDIVIDUAL 

:, "• '. " . ' :.. ' ... , ~ ·• 

-• I ~ 

'1 ' •• 

f ,. ' -· .. ~ · . .,,. -1>1;>.•. ·1'-·•.>li."' ..-

/~'. ~ ~,~ ,· .. t!; '~- ';~: .~ ;,.~.,. ' :,J 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

,-,_, .... 

5.750 
5. 7512! 
5.750 
5.800 
5. 8013 
5. 8512! 
5. 9!919 
5. 9012! 
5. 9019 
6.000 
6.000 
6.000 
6. 00121 
6. 01312! 
6.1300 
6.030 
6. U30 
6. 100 
6. 10!3 
6. 1130 
6 .100 
6. 112!0 
6. 1 l?Jl?J 
6. 2013 
6. 21313 
6. 21210 
6.3012! 
6.300 
6. 3012! 
6. 301Zl 
6.300 
6.300 

POINTS 

6.065 
5:1s 
6.3 

6.04781 
.177596 
2.93653£-02 

6.04526 
1. li'JZ987 
6.22584 
5.86991 

F CI) 

.016 

.047 
• 1378 
• 11219 
.141 
.172 
• 2!33 
.234 
.266 
.297 
.328 
.359 
.391 
.422 
.453 
.484 
.516 
.547 
.578 
.609 
.641 
.672 
.703 
.734 
.766 
.797 
.828 
.859 
.891 
.922 
.953 
.984 

( 

C 

C 

(~ 

( 

C 

C 

C 

( 

(. 

.C· 

C 
~ 

( 

( 

( 

,· 
\ .. 

C 

C 
' . .,, --,..~ , ,-'..,,..._ 



, ,,,..., : 
"• C -. ' 

STUDY AREA AMERICAN SAMOA 
LOCATION SUSPENDED SOLIDS {MG/L) 
PARAMETER 

NUMBER OF DATA POINTS 24 C 
MEDIAN 1.4 
SMALLEST NUMBER .4 
LARGEST NUMBER 2.5 C 

MEAN 1.42958 
( STANDARD DEVIATION .548876 

COEF. OF VARIANCE .383941 
r' GEOMETRIC MEAN 1.31984 ' 

GEOMETRIC STANDARD DEVIATION 1.5356 
84 .1 'l. FREGIUENCY VE 2.02675 

C 15.9¾ FREQUENCY VE .859491 

NO. POINTS INDIVIDUAL POINTS F (I) 
,( 

' 
1 • 4 lzj@ .021 
2 .700 .063 
3 .900 .104 \. 

4 .900 .146 
5 .900 .188 
6 1 . 0019 .229 
7 1.000 .271 
8 1. 0719 .313 

( 

9 1. 11210 .354 \ 

10 1.270 .396 
11 1. 330 .438 
12 1 • 40!9 .479 
13 1. 41!!0 .521 
14 1. 4719 .563 
15 1.470 .604 \.. 

16 1. 50l9 .646 
17 1.600 .688 r"" 
18 1.730 .729 \.. 

19 1.870 .771 
2f!J 2 .130 .813 

(. 21 2.200 .854 
22 2. 212'0 .896 
23 2.270 .938 

( 
. 

24 2.51210 .979 

I " 

" I_ : ,: ' 

. \.-· ;-· 

. . . ... 
, ' . ~ '), ....... ' ~ . 

.. _.,(~ ... ·: ., ... ,:.~i~ . ~, :.., 
: .. ,,·,-, ... ,- •:·;, ---~>~"h:-'i.. 
, 

: f-.:-,· ..... ,,_.;.:r-



AMERICAN SANOA 
OCEAN STATIONS 
TURBIDITY <NTU) 

'•;:~·;'. .• .· ... '.•:•'NUMBER OF DATA POINTS 
MEDIAN 
SMALLEST NIJNBER 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 

.84.lX FREQUENCY VE 
15.9¼ FREQUENCY VE 

'..J..,'} . .,,..· 

NO. POINTS INDIVIDUAL 

1. .080 
2 .110 
3 • 1213 
4 .130 
5 .130 
6 • 130 
7 .130 
8 • 1413 
9 .140 

10 • 151~ 
11 . 1512! 
12 • 1512! 
13 • 1612! 
14 .160 
15 .160 
16 .170 
17 .170 
18 .170 
19 • 180 
20 .180 
21 • 18!~ 
22 • 190 
23 .200 
24 • 2112! 
25 .211zs 
26 .220 
27 . 221~ 
28 .230 
29 .240 
30 .240 
31 .240 
32 • 271~ 
33 .330 
34 .470 

✓ , 
. .~ . ~,i - . -

-· .>_. 

,'~-i .. ·•.,-;;- .... ~ 

' _ _,,.,._ ~ t; ~ . .I :!",, ,~·,: :ot-,. i "l.,f. ·~-..,,..-

\ 

POINTS 

,.,!: ... ~~ ., 
(4_~ 

~ 

,, ..... 

( 
34 
• 17 

( .08 
.47 

• 187!~59 ( 

7.12881E-!Zl2 
.3811 

( 

.17666:3 
1.3951211 ·I 

.246446 ( 
• 12664 .;· 

. ~. 
F (I) C 

.015 

.044 ( 

.074 

.103 

.132 C 

.162 

.191 

.221 C 

.250 

.279 
C • 3139 

.338 

.368 ... 

.397 ( 

.426 ·.it 

.456 
C 

' . 

.485 

.515 

.544 ..... 

.574 C 

.603 ·•~ 

.632 
( .662 ., 

,. 

.691 

.721 
• 75!2! ( 
.779 
.809 
.838 (· _ii 

.868 

.897 

.926 c· 

.956 ): 

.985 
/, ,· : . . ' .. , "'T, -~ ·-. - . 



AMERICAN SAMOA 
OCEAN STATIONS 

STUDY AREA 
LOCATION 
PARAMETER TOTAL KJELDAHL NITROGEN (UG/l) 

NUMBER OF DATA POINTS 
MEDIAN 
SMALLEST NUMBER 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF .. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 
84.1% FREQUENCY VE 
15.9¼ FREQUENCY VE 

NO. POINTS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

·. ,.\ ; ,-.. 
.. •·;:,. : ~ '~ ,; , 

,.:,,-~·· • ..., ... '<r;,.·F :...,..:::..;_~J,;,:;r,:,.'~- .. -~··/:,,~,;.- -.,,..,t.,·,~.-'"-'>"'"~ ~ ~ ~- ,~·),-,~l~~'l'l~_;' ' / -k1. 

INDIVIDUAL 

43.000 
45. l.1!00 
59.000 
59. !900 
65.000 
66.000 
67.000 
74.000 
79.000 
80.000 
84. 1900 
85.000 
85.000 
86.000 
86.000 
87.000 
87.000 
91. 0!30 
94.000 
98. 1.1!00 

11n .000 
108.000 
110.!.1!00 
112.1000 
117. 00!.1! 
117.000 
126.000 
i30.000 
131. !900 
138.r.1!00 
142.000 
144.000 
148.000 
159.000 
181.000 
214.000 
255.000 

• •· r r 

: __ r;.· ~-_,. •• : ,, ___ ' ~-

POINTS 

,-,,: ,.,...,/i.r 

37 
94 
43 
255 

107 
44.:33 
.41:3972 

99.f~676 
1.48408 
147.025 
66.7534 

F (I) 

.014 
,041 
.068 
.095 
.122 
2149 
.176 
.203 
.230 
.257 
.284 
.311 
.338 
0365 
.392 
.419 
.446 
.473 
.500 
.527 
.554 
.581 
.608 
.635 
0662 
0689 
.716 
.743 
.770 
.797 
.824 
.851 
,878 

• f .905 . ' - ,·. 

'-:·•. .. • l ,, 

C 

(.· 

( 

( 

~: 

( 

( 

C 

-
(· 

( ' ... 

C 

( 

( n 



\' 

STUDY AREA 'AMERICAN SAMOA 
. :-~· :: ;·,: LOCATION OCEAN STATIONS 
-----""---~~-PARAMETER --------- - NITRATE + NI TR I TE <UG/U . ,: .t· :·,~ '.,, 

} NUNBER OF DATA POINTS 
~ MEDIAN 

SMALLEST NUNBER 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 
84.1% FREQUENCY VE 
15.9% FREQUENCY VE 

38 
' 13.3 

.02 
85.5 

17.l.il516 
17.8317 
1.04575 

7.4122 
6.23462 
46.2123 
1.18888 

NO. POINTS INDIVIDUAL POINTS F (I) 

\. ·~ > 

, .. 

1 
2-
3 
4 
5 
6 
7 

·0 

• 0213 
• 0413 
.400 
.500 

1.600 
1.600 
1.900 
2. 412!!3 

. 2. 500 
2.700 
3. 100 
4. 4130 
6.600 
7. 601.il 
8. 4130 
8.600 

12.300 
12.500 
12.900 
13.700 

.013 

.039 

.066· 

.092 

.118· 

.145 
• 1 71, 
.197 
.224 
.250 
.276 
.303 
.329 
.355 
.382 1 

• 412!8 
.434-
.461 
. 487· 
.513 

15.400 .539 
15.700 .566 
17.900 .592' 
22.700 .618 
23.900 .645-
24.000 .671 
24. 4130 • 697 
25.200 u724 
25.400 .750 
26.000 .776 
26.400 .803 
26.500 .829 
28.800 .855 
28.900 0882 
29.000 .908 
29. 700 ·• 934 .... , ♦'•,.·• 

( 

(_ 

C.!. 

( 

( 

.C 

.. n, 

( 

(_ 

C 

( 

( 

C. 

c· 
{'-··· 

\..._' 

. C· 

9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

_68.800 ··•·,·.• .961 , ..... ,.:. ,., ,. 
. ~5.500 _ · ..... , ... _.,_ ·-?~~--· --.·.::_;)~.;;;, .. :: .. ·. ~(\~ < ·- .... ~~ ' . • ... ,. 

·:>~~ .f ~ .• -~~:;>f'::.> .-'.✓ .: '_·. ·,. 

'~· . '.;.,,•. -~-; ... ~ '. -·~ 

... •' .... .... ~-. ~-;, :\". '.., ·• ✓.::. :. ',:• • .Ji 

.··it_v~~. 
: '•I. ~ 

. .• :·· ;r··: ·•._ .. , . -.•t<~-- ·--~•.,, •:',;.;-:'f~ ._..--:,·.,\:.1.;}~-B ,(i"'f*~"'·i".,"'*·· ..,,;~1:f:,•,H 

. ___ , ~ • .-· -_:, h; -• ·--~-~: ~f:\·_ ~--~- :_!::1-;i~~~~~r~;~~Ei~rI;~~~H;tr 



., 
(1' 

~ ,~'.1·'.•.~ - . ~ .' 
tfliV,.,lft_j. ·.·. •· 
~;•~~,.,,.~,- .... 
M~JII'~~~,~:•~~~-'. -,•L . • ,. 

. . •-: .. 
~ .... ~,- -:~-- --· ... 

. . , ... , STUDY AREA 
c ·.··-:-1,,~},?';,.,~·. LOCATION 

'i~S< ·,·: :? PARAMETER 

AMERICAN SAMOA 
OCEAN STATIONS 
TOTAL PHOSPHORUS CUG/L) 

'( ----.,. ,• ~ .. ·\_-:\·.. ·, .... , ·- j.. • 

---=-----:-r-u:-,-., --- --~- --

>.·:(:.: NUMBER OF DATA POINTS 
. MED IAN 

SMALLEST NUMBER 
. LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

,, GEOMETRIC MEAN 
. GEOMETRIC STANDARD DEVIATION 

. . , . ,.;:;,~ 84. 1 X FREQUENCY VE 
_, ... ,., .,':.tc"4:,,15. 9X FREQUENCY VE 
· .. _:· Y/·:~i};?\'\\·· ;t:),, · 1· 

·; ,· · ··.~~ .. ~,, t':" NO. POINTS 
.-, .. ~•,,-, :;·.,.,.-'l.-4.S,.,)\~c•+ ..... ,. ._ .. \. ;~. 'l.o 

·•, .• ,, . !', ~ J!'~-:. .i· ,· • ·: . ' ., · .. , <'-. :-.;,'. ':" 

~\'-~:> :.:.;_!;:;.t+i,'i!:\~;~_-:-;i.':Jir~ . ·:· ., 
~ ~=-~; . , ,. ?~ _,_-r:~_-} ):.:~{~-~- ·:·- -~:~\~3 ~ 

\r: . _.·:. 4 

:;/t:.,~. ,Jf:~<:\)t, . _;,,- .. ····~ 
.... , · :i ·~ _;.:, 7 

~--~~ .·.:·\ ~ . 8 

·:·c:"'· ,. 9 
· .... · .. ·, .• 10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

- . : ·., •' t ~..,-, ' • ~~ , II: . y • -., ..,. _.__.' .,.. ~ 

INDIVIDUAL POINTS 

1.000 
1.000 
1.900 
2.500 
2.500 
2.500 
2.500 
2.500 
5. 4019 
6.700 
7.500 
7.800 
7.900 
8.000 
8.300 
8.800 
9.600 
9.900 

10.5019 
12. 0190 
12.0J!l0 
12.500 
! 4. 100 
16.500 
16.61!ll9 
16. 6019 
16.9019 
17.51913 
17.900 
18.11210 
18.200 
22.200 
23.000 
25.500 
26.000 
32.500 

36 
10.2 
1 
32.5 

11.8028 
7.97864 
.675996 

8.57838 
2.5284 
21.6896 
3.39281 

F <I) 

.014 

.042 

.069 

.097 

.125 

.153 

.181 

.208 

.236 

.264 

.292 

.319 

.347 

.375 
• 4193 
.431 
.458 
.486 
,514 
.542 
.569 
.597 
.625 
.653 
.681 
.708 
.736 
.764 
.792 
.819 
.847 
.875 
.903 
.931 
u958 
.986 

I ' \. 

( 

( 

( 

( 

C 

C. 

C 

( 

.. 

(_ 

( 

( 
4. 

( 

l 

(_ 

L 



. STUDY AREA 
LOCATION 

·PARAMETER 

AMERICAN SANOA 
OCEAN STATIONS 
CHLOROPHYLL-A <UG/l) 

NUMBER OF DATA POINTS 
MEDIAN 

--~SMALLEST.NUMBER .. ------------ - ----·- --. 
LARGEST NUMBER 

MEAN 
STANDARD DEVIATION 
COEF. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 

·, 84.1X FREQUENCY VE 

,· ,, 

15.9¾ FREQUENCY VE 

'.NO. POINTS 

1 
2 
3 
!I, 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. 14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

INDIVIDUAL POINTS 

.025 

.050 

.057 
0060 
.085 
.088 
.093 
.106 
.109 
.115 
.119 
.141 
.142 
.143 
.146 
.163 
.182 
.204 
.219 
.221 
.224 
.227 
.227 
.239 
.242 
.245 
• 271~ 
.334 
,444 
.457 
.578 

31 
.163 
.025 
.578 

.192097 
• 125638 
.654036 

.156133 
1.98889 
.310531 
7.85022E-02 

F (I) 

.@16 

.048 

.081 

.113 

.145 

.177 
• 2119 
.242 
.274 
.306 
.339 
.371 
.403 
.435 
.468 
.500 
.532 
.565 
.597 
.629 
.661 
.694 
.726 
.758 
.790 
.823 
.855 
.887 
.919 
.952 
0984 

t(. -- ,"'.,.. ,; . .; "'~ _- . ; ,. ,, ... 

:, :, .,. . 

.,; ~;.~•--· <' 

( 

( 

C 

( 

C 

C 
'!; 

( 

-·· 
( 

( 

C 

(. 
.. 

C' 
I .. 

~I, 

., ... -



) 

) 

) 

) 

) 

) 

J 

t) 

STUDY AREA 
LOCATION 
PARAMETER 

Al'1Ef;'. I CAN f;{~t10A 
OCEAN ::;TATIONS 
IRR AD I ANCE { FT) 

NU~BER OF DATA POINTS 
Ml:DIAN 
SMALLEST NUMBER 
LP-lHGEST Nlii1EER 

MEAN 
STANDARD DEVIATION 

. COEF. OF VARIANCE 

GEOMETRIC MEAN 
GEOMETRIC STANDARD DEVIATION 
84.lZ FREQUENCY VE 
15.9¼ FREQUENCY VE 

. ' 

NO. POINTS INDIVIDUAL POINTS 

1 
2 ~. 
.;, 

4 
"' ·-· 

.. 6 
7 ,.., 
c, 

9 
!Qi 

11 

;< 

.. 

14ii. !%if:'! 
14[j. !?i$~}2t 
165, !?!?iQl 
1 7(J • l!l lZi !Zi 
17Qj. f?ifil?l 
17ii. }!}[t0 
1 7fi. l!!lZ1J2i 
1 ;:: iz; • fi ;z; izl 

1 1 
17!9 
14121 

i{:.7.727 

lt, 7. iz194 
1.f9722 
1::::3.34 
1 sz. za::: 

F (I) 

. 227 · 

.31'3 
• 4fl'=i 
• 5;00 
. Yi 1 

I ,-, ·"'7• 
• ,;.,,:,L 

. 77~3 

B-9 



Al'1Er, I CAN :::1~;·10A STUDY ARE::'.:! 
LOCATION 
PP,ii A;E TE;; 

N COASTAL NEARSHCiE, SURFACE 
A 1- G C L I F ~) :=t ~1 ( t~ D • / l ;'4 L ) 

MEDI Ai'~ 

ME it\ 
STA\GA~D DEVIATION 
CO~F. 0~ V IA~CE 

GE1Jr";ETR IC: i'1EA!~ 
CEO -TRIC STANDA~D DEVIATION 
84.1% F~~CU~N~Y VE 
15.9% FR~GU Y VE 

INDIVIDUAL POI~TS 

1 
2 
3 
4 
5 
6 
7 
c, .... 

,. ' 
.~.<# ,; ~ ? •• ✓ • 

• 5f0!~ 
• 51!)!9 

• 51)/3 
• 5 tZ)~~ 

9 

C . ·-' 
1 

.,~i1111 

.22iH7·1 

1.:35751 

. 42'~/,S5'i 

F {I) 

• !Zl56 
, J.6 7 
a 27:3 

"5i9l!l 
• 611 
.722 

.944 

( 

( 

\. 

{ 
\. . 

; 

\.' 

{ .. 

'-

( 

(_ 



::;TUDf AREA 
LCiCAJJ. G;~ 
F·1~~i Ati:: TE? 

STA i·JI:.~= .. [: 

. ;: ::•.-,'.\-, :---. 
1·1(=_1: 1.1.:, ::..•. 

:-, I ! 
i- r1 

-, ,-, "!" ~-. 
: .. ,_; J. i·: ! 

Cc, E ~ • ,:: ,:= ! i .. -. ·-,' .. - •. t . ..,, , . ., ('. .;. 1-. " ;_. C. 

.-. 
L. 

--:, 
·-· 
.::.. 
.::-
·-' 

7 

.!. ).'..-' 

' ' l .l 

-I·"":· - .:_ 

INDIVICUAL POINTS 

.-. --: ·""".· .~.; 
·...:-., 2 .!-.::._,,:..-' 

-, .-; .--
,..:, -' ·-· ~:.-· ~:..-' 

·=• :, -~- -~} ,_,:,, ._, .::_ .•:.--

,:, ·:, .-, ·7• 
._, a ._, ._, ::.-· 

-I·""':· 

,_, .· 
,_, Ill .:-, .' 

.- . - - -,_, . -· -· 
,_, , .i.....'-' _, -· _, 

.,_ ,.-,:::-,-:.; , .. - ."'.: -
,_," ... -:•--·\'..'J.t~-i:..- . .:, 

F (I) 

.-:; r": ·""':· 
, ):.• ~ t.... 

.12:5 

·""':· c., .-. 
.I.!..-:·.::... 

--, -, =. -.:•; ·-' 
,; =,-, 

2 -'-t-_1,:, 

,-, = -
II :, ._1 •=• 

( 

( 

Jl-11 

. '., ~ -. . " 



STUDY AriEA 
LOCAT I C1\l 
PARA;1ETER 

•· :\: /\. 
l.JH I I~ 

STANDA;D D~V:ATIO~ 
CO~F. OF VAR~ANC~ 

G L": lJ >~ ~ TR I C i'4 ~ A \ 
GEQ~~7RIC S7A\CA~D 
:34. 1 ¼ r--:-,-,- i !.-r J""\ C:, l..:ail_i C, 

•, .~. -_; ; l r-
!~ ,_. f V c.. 

NC;. PO I NT:~; 

1 
.-, 
1-. 

4 

7 
I 

OPEN COASTAL NEARSHO~Z, 60 ~: DE?TH 
PH 

·;•, - . : - :"': -:- "":' .-, ~: 
.'..-•C. ·y ,;. !~ l ~ t_;,,i 

.-. ·"":· -::- :":"' 
,:, • j_..::.. ~~-· - - - ~-,_, · ·· ·4• !;I ,_, . :,_ ._, ::.-· 

-. -. -~· 
,:, • . :.,, 1:.· 

,:, :. ·"".• -;~ 
·-· .s ._, ._, ::.-' 

,-. --, .-, ,"".-
,.:, ~ . .:, -:/ ·.:,,; 

·=· -:, ·:, _:;) 1_, • . _ .. _,,:.: 

,-, .-.·::= 
\t.:.• • .::..,/,_> 

-- ...... -, ,_,. -··-' 

:, --:-•:-::-~ 
,_, :I' ..:... / ;,,_ -

8.21443 

F ( I) 

"125 
-::- ,-:::.-, 

• i_ 1!.' •=f 
11 2•:;2 

.-,-,= 
• ,;;,,.f ! ._1 

II ,SZ:5 

.792 
,-• ...,, t::" 

• ·=· i .... 1 

,_' 
• f 

( 

( 

B-12 

- . 
.. ,.,,..,_ .. _, __ ,_~ •. :....,.._~~,t;.;.\...:-4-~ ~: .~ .......... c .... - - " ·: -



,._. ,,.. 

STUDY A((Ef: 
LCCATIO 
PARA1"l::: _,i 

. ' . -. ,-, .. ,. ,-. ,.. 
l_t r- ::: . c; ,_ ._I ti ·=• ~ 

(i'1G/U 

NU~BE~ JF DATA ~OINTS 

84.1½ ~~~JUENCY Ve 
15.9% FR~Q0~~CY V~ 

.-, 

.;_, 

.-. ,:, 

'-/ 

2 

IND:VIDUAL POINTS 

. '. , ... 
.:;;;,, • -.:• !~t ~.:..' 

12 

6.45 

I .-;. ~ i I -

,:,, • .:;.. .:. r..: (:, / 
.; Z:::- .·l ·"": ,-, -. 

lit J. --~ ·+ ;;_ - . ..;, 

F ( I) 

.125 

.542 

.625 

f,-::f 
• l I 

( 

( 

( 

( 

( 

C 

B-13 



STUDY ARC:A 
LOCAT I C:r~ 
PARAMEii:R 

OPEN COASTAL Ni:ARSHO~E, 

NUMBER OF DATA POINTS 
MED I A:"·~ 
SMALL C:::, T N!_;;-:I::::R 
lt-4 R G C: :: T 1~ U i"1 BE;:; 

t':E:'~ ;J 
STANDARD DE✓ :AT:ON 
COi:F. GF \/1;;;~;::,;~.:E 

84.li FREQU~\CY V~ 
15.9½ FREGUEN:Y VE 

: {~?~:;,_. :(:, i,::~~,~;~:-.·.:1.~..,~-~---~ ~ ,• ,· 

1 
2 

4 
C" 

·-' , ,:., 
.., 
I 

'i 
10 
i 1 
.. ·"': 
.L ... 

{f1;_<~~~·;;:~i.£fr~;;~.J;~_~j~~l<•<·/ .. 

!~JIVIDUAL ?OI~7S 

:::- ,-,=.-:, 
_, . -:• _; -~-· 

C' ,-, -~;-;. 
. _, • :, ~!.-' .•!-· 

- - - .. ::1 • -; .:1 ?:,) 

. . ... 
-~· • _._.. :!•' ~~/ 
r . -• 

,,:_, a j, ::_: .'!·' 

5!:J r I 

1 -~
- L 

i:::- .-, 
._ .. JI ,:, 

_,: ·":'· 
,_, .. ·-' 

DE?TH 

=: ·~· ·=· -y ~ ·-· a • ._, /' ·-· 

,· ~ .-,--:- ,.,. ':' 
,-;,, • .!. ._:,,.;:_ '-:-., 

. .:.. .:._ _, 

■ Li:..,,:, 
-~- ,-, .-. 

• i- 7 L 

::- .. -:--:-
• ·-•~i.. 

.":.·"':·= 
• ·-· i... ·-· 

:.-, -~-
• ! :; ,L 

( 

( 

( 

( 

,· 
\. 

( 

,· 

'· 
C 

,' 

\ 

( 

'· :-:--.:.> 



NUMBE~ G~ DATA ?Oi~ 
Mi::D I Al't 
t:Mt~ LL E::;T NI_:·;,;::;:::;:;: 
LP1RGE·:;;T NUl1BER 

:::TANDARD 

,-.·-·1 · "'.""· V ·=· ; i_, i...: i 

,..,,r- :"\ · .. 
rri:.;-, ;·1: 

,-. . 't .f ,.,. 1:, .. , .• J,. .,_ 

.-........ /\ ",_ "'."""1 .,-. -, T" 
-=-1 j Hft: .t..,I H,-, L' 

r-,- - ' r· :\ ::.1~ 

PO: i\T::: 

1 
2 

I:.,. 
.., 
I 

.· .. 
' ' 

r", '·-. ' - ... ·- ,- ·, • .i.)!:..:. ·..;.!.Ht ,_,,·i; 
. r ,-.. ,- -
Y;-tf\ .l. r--: 1,_ .. ..:. 

;• -~. 
•. .:. .""? ; '-: 

""'."• ,-: 1" 
, ._, - ''. I ~• 

< 
.!. 

2 
.-, 
.:_. 

6 ..., 
I 

• < 
.!. J. 
" .... , 
J. '--

',,' . {' 
\ ;·tl l ',,._I } 

... ·,· 'I •4 - •• -, • ---··--... ! '-} .;,./ J. ·-., - ._, ._, f"! !._ !- J_; j_ ~\, ' .:, 

..... ' t •-. ~' ";" 7"" .... -- tJ 
: 1_, r\.:..::·.;. ·-·.:. t 

: ::.--:::: 
• .lo ._- .::.-· 

i ........... 
,. l. IE~ 

" ... f :;;. • 

.. ,-, ~---.. .;.. ~ .. ,1:.,' 
·""'::· -, ,-:~ 

• ..::._ .;;,.,E-' 
. ; ·":•: ........ ,::: ,:.-" 

; :_;) 

- ·. - - ' ' . -
,;;. • '-! '-' ~ \' - J... -

. ., .. -· 
• .;. ... ;_.I 

. i6J 
i I ,"'.: • .,.. t.:1 ~:> 

• 1 ,S ;) 
• 1 7 ~2; 

: -, ,':' 
• _.. i_, :!l 

• 2 li2i 
;~'i 

. ~·9 ;;; 

_1 .... "'I , 

' - ~ 
' ,-

;t ~ ,.:, 

' ·;' .... 
.-:- ,-, : .. 

:;r i... ,;: 1.:, . .:_, 

.f ,';, 

J. .£.. 
; -r-.:= 

• .z. :' ._; 

·""'::· :·:.: .-, 
.: L;<~ .. ,:, 

·".'"· ·:'• --. 
• .i,_ .' ,:__ 

. .... , ;" ·-· 
.- c:- ,-. ~ ,_: ,: 

:II·-•'"-:'.::.. 

::. _,, -

. '-· .-- __ , 

• l • i~. 7 

.. L.. ·-··-· ._, _, 

. ...., :ti 
• ... ! ':' J. ,:, 

I .- ,-, ,"; .-. -, 
j, & £._,.:l ::,/ ,_:1 -

! ,-, 
J. .'. ;;;_, i:.. -

-- ,- .-. . ).,·; '-

.-. ,•: ... 
• i...,}!_J,:, 

.z.12 
.-,-,e 

• .,:_, I ._1 

. 4:. ::; 

.,s.:;z_ 
I - :::::-

• ,:,;.. J... ·-' 

• TtZ 
,;37': 
. 9C:::::; 
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:3TUD Y 14~C:A 
LCiCAT I 0:\ 
Pi'41=l A 1·1 ET E;:;: SUS?ENDEJ SGL![S (~G/~l 

NUMBER 0~ DATA 20INTS 
MEDIAN 
Sl1A:...LEE;T NU!•,[:E;; 

MEA r,4 
:.:; ~-A;; I:: ;-:;F; D ·,- ;-1. - .-. .,- -:- -. "-.! 

.:_1 ::: \/ ;_ ,-; f ,.l_ l_J ; 'I.) 

,_, __ :. ·: 
! .... - - - -

INDIVIDUAL POI~TS 

1 
2 
3 
4. 

,-, 
-_; 

STl_'D Y ;:;;;:::: C', 

LOC~TICii 
P,'.4,-.i-h':i:. ii.:. . .: 

f"\llJ[·"'. I:: E;: Ci~ 
MED I Ai\i 
::;MALL.E :;T 1\UtI:E r.: 
L Pt R G ~ '.::: T r< u ~-~~ s E r: 

f'l i:::i~ i ✓ 
:::;, 14,•,DA-iI::• r, ;- I . T ,-.. --- -,. .-, '- , 

.,;,,,,11.:.. ·y l. HI l '-' _-.; 

-,,,-,:,--:-: 
II _I ~.:_.' i:.-• 

., __,:_"' ,_ .. · 

.-. "'\ ·--~ ,- _.-. 
-=•!:!":;_· --

,-.. -. ' -:- ·.-, ,-
.,:, I_! l_ .l. !,_i ._:, 

e, c Ji-~~ -r i:-,; 1 c :::. ·1 ~ ! ✓: l~ 1\ ;:j r.:~ ;:: ·y : ~ -; : ,:1 :':i 

t~'"1 • 1 ~-: {:-ii::: C ._;;:: !~ C ·1 '.../ "c. 
~ ~3 • 9 :,: F i1 E ,:i r_1 ~;JC Y 1

/ ~ 

4 
5 

..., 
I 

; " - - r : .. - , .-
.:. l 'i ~• • \/ ·- - ._ ...... -

-,-
- - - .., ! .:, 

L 
·"':• 

• .i.... 

\·""':· i --:-
£_,. C,• / 

:I ~/ ~:) -~ .' ; ,.:,,, 

;;; ·-' ·-'~ - .... 

.. - .._ - - -

.:. • L.. _.' ·...:, ~· ~ 
:::- : -- ., --r.:. ___ , ,..: ~-

- .. - - .. . '·'' ,, ,.- .. , 
.,:, " !~ .. ,:, ,:, ::.. ,:,_, 

- . ' - . ' . • __ ,..::.. :-· .l ·..:, .._ 

• 4 

F (I) 

• I~ 
-1 .L 1:., i 

-::--,-,:, . .,;._ .... _, 

/_ ~ : . ,_,..:.. .'. 

1--:- ·-=· 
• I J... .:._ 

'' . 
-1 ,:, .,: •• .:, 

-, ;, -~ 
• ! ': ~ 

~ ,-, / --:• .-.. -, 
j_. ,.:,;:,.._.:.....:_ 

; ·"":·--= =- - .-, 
~ a i.... ·.! ._· ,::· . .:,, 

• .'.·' ._J ,:_, 

~ : ..., 
,ll .!. ,..:_, / 

• 27::: 
• :~::::9 

• 6 1 1 
.722 
• ·=· ._:, .;__, 
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STUDY AF,E,:.; 
L1]CAT I c;·,4 
F·t.;R Ai1 E ! -

OPEN C0ASTA~ ~ ~SHJRE 
I ii RA D I Ai\ CE ( F ! ) 

NUMBER 
MED;: r:i;\ 

Dr~ T P, r' 0 I NT:3 

ME1➔ N 

STA~DARC C~V:A-L0N 
COEF. - VAR ANCE 

GEl] ;~ E !f\ l C i~~ ~;; .. : 
GEQM~7RIC STAN~ARD DEVI;~IGN 
84.1% F~~QGE~CY VE 

INDIVIGUAL POINTS 

1 
2 
.-, . .;, 
., .,. 

i 

14 ~~-; • j!) }2) (1 

1 4 ;2J • J jz.: ;~ 

15:? ~ 2~_,)fi 
1 :; o. ,:5 iz.;0 

-#"~ .•• ~...;•_.- ~ ',,;,,;.;.J,~ .. :,,-..-.,s,.--~ ... ;;;,,:.~-~-:J",~-...,.>~ ,' .,.;<:, 

' 

.'! 
"t 

145 

152.5 
1 E:. c/:_•-:)7 
. 12412'? 

151.67 

1 7 ,!.i • 7 .::: .~, 

F iI) 

• 125 
.375 

, ·"':· i="' 
• C• '- ·-• 

( ·-

r.; 
., .f':. 

;· ~- ·. < 
-:.;.';,a; ~•----~--- ""!;;. 



~;TU[Y ~R'.:::1
~ 

LC:C;:\T :Ci\ 

MEi'~N 
::;T ,~ i~ DA RD 

, ! ,-; :-, 7 .-'"'. '"- ,\.' ,•~tr, .:. :-i: '· ,_. 

GEOMETRIC STANDARD 
84.1% FREQUENCY VE 
15.9½ F~EQUENCY VE 

. 
.L • 

2 
.-, .:,, 

4 

-r 
! 

,.:, 

'-/ 

NUMBER GF DATA ?OINTS 

i''E~irn 
STA~DA~D IATIO~ 
COE~. OF VARIANCE 

• .. -, 
_,,_ ,_ & 

1 
2 

4 
<::' 

·-' 

...., 
I 

t / i 

!- ;'\ ·-· 

'v'IATION 

, ... , t '. - - ,-. ,-. ~ 
.:, 1_, f\. ! !~ ·•-: i:. 

Aril NITROG_~ ClG/~) 

75. i~iQi i~ 
7 6 . ~2} (; ~I.i 

'i 1 . ,:, iii !ii 
9 9. ;)(:JiJ 

1. z:34::;9 
122.715 

'1 

F (I) 

-{,. "-"'! 
• J. ,::., j 

·'""'.· -r ,-, 
"'i.- ,' ,:, 

.-, ,-. ,-. .. :.,. ,:, } 

f ; .; . ,:.., .:.. .:. 
-, ·"":· ·"'":· 

& j ;_ .;_ 

,'t ·""".· - --• .-. 

> L•..:..:_;__ 

.~· =- / 
• ~:-· ·-· 1:., 
• 11:.. 7 

-~--.-, 
• Li •:1 

• < ' 
• ;_:, J. J. 

-, .-. ·'"".'• 
• I :i- ;_ 

,:, ·:, ·:• . ·-· ·-· ·-· 
• ':14 4 

( 

( 

C 

( 

( 

/ 
\ 

l 



DY AR.i::A 
L1]CAT I G>J 
PPtr{.Cii~lETEii 

Nl_:;,mE;:;: OF 
MEI. I A;·~ 
::;l~:4L:...E3T NUl"lBE; 
u~;=:c;:::;T iWi1GE; 

- . - - - -· 
f'--,i\..Lii-r:iL, 

- ~ ~ - .-._is' 
.l. ~ J .:. _,:·": 

NO. F'OINTS 

1 

., . .... 
4 

6 
! . -. ,:;., 

1 1 

-.. -.. ,-, /\ 
·=•i-!'!. J_\ 1-:: 

OPE~ COASTA~ NEA~S~JRE~ su;FACE 
r I : , .... ; , 
\ ;_1 ,_,, i ,._ i 

INDIVIDJAL POINTS 

7. 1 Oi1i 
., .. - -·-:-
~ ~ .. :, :,.· . .:.: 

.. --:-: .7. -~; ,

~ -~-· . ·-' :: :~· 
r-... ., . 
½- / ., ,:.., :_ 

,-·= ... =• ._l " _;,:_ :,~-• 

" -: -, - ,, 
2. .;_ -- ,a "i .-!,'t.i 

-, ,- .-. 
,;., :; • c..,. 

. ·~ ,.:, . :; .::... ·-· 

2..24423 

.-. :''.: ,-. 
# L. ~: ,:, 

·""'.· -. -:-

• ·-' -,i_, 

",.:,.-

• / !~· ,: 

, f : ..:... 

- ,.: .. · _. 

( 

( 
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::; T ;_; ::n i2\ ri C: ,➔ 

LOCATION 
PP-1RAt1ETEii {;_=,:~/L) 

NUMB OF DATA ?8INTS 
MEDIAN 

GEO/~~~;;- C ··r::::~:.; 
GEOMETRIC STA~JA~~ DEVI~7I0~ 

15.9X FREQUENCY V~ 

NC:. POINT::; 

1 
L 

4 
5 
6 
7 

1.0 

12 

INDIVILUAL PGINTS 

~ .-. ,-_, ~:; 
/ ~ ,.:, -~- •*' 

1411 ::::(.\(j 

15, l Ji.i,J 

.... , .--:· ,-:-;: . . ::,, ·~· ,:,_; 

'·""':· -, 
i.- ,S, ,.:, 

' ' ' 
.:;., ::I / • ..:, ._:, ·-' 

-· . , - . ~ 

~ / ;;_ - '·-' .;.. ·-· 

' = -.... -, .-
::,.i ._, • : ,:, - ,:, 
,-. -:--.-,---r,-, ,". 
,:, • .; ,.:, i 7 'i" 

F <I) 

• L.•:..•,:, 

. z·~1 z 
•\~t::' 
.·., / ._, 

!"! =--. . ..,. .... , ,:, 

', , . ·-
ll ,_, .;__ •-

I,-:-, 
• ! J~·' ,.:, 

-, .~ .. . / ~ 

,_; -. ,_, 
• !' ._, ._, 

( 

B-20 



Ar1EF~iCA:·-✓ ::=:12ti1.:,::: 
LC1:::ATICf\~ 
PARA;~ETE:i; 

~JF'Ci\ CO A::; Ti~!.- i'~ ~ ,-; rl ::; :·"'l(i!; = ~ ::; i_;0 :~ 1~,:.- E 

NU/I::E~ CF Di4TA i='Oit✓ T::; 
l'iED IA1i 
,-.: . ..,.r,'\', ----~ '.-.11:·._.,;;-_--
·=•1·,1-:!-!-:..::.-:• I /'fl_l/'1l.:':...:..\ 

Lt~R G C ::; T t✓ i_; i~~B Er-'. 

GE j /1 ~ T ~ ; C /~ ;:: ~ ---~ 

( i_::::; / L) 

GEOM~TRIC STA\GA?~ D~VIATION 

15.9% FR~QU~NCY VE 

NO. POINT:3 

1 
2 . 
. -, -~· 
4 
;:, 
I ,~. 

' ' l ! 

1Z 

INDIVIDUAL POI~TS 

1.ZCZ 
4. ·-:; !~; ~Ij 

,':,. 1 (() 
6. 4;a_(~ 
7" i (J\~j 
...... ,-, .-:, --:· 
.i • =· .~' --~·' 

. . - . -
:. ,.":, ll / :) ".) 

, - ,·-
' _.· • -:--::1 

·--::· ,:} ,::, 
,i_ ! :, : 

·- ~ ~ --.. 
~ - ;;; .:) _;_.:. .' 

-, -: :-- 7-:'" 
,:, • """!' l .;.:_ _: ..' 

.- .-. -.... - ........... 
i_ • . _:; / .:, / / 

·:, .'~ =: ~ - . . _, . ,_,._,.:... ...... 

F (I) 

. i 2 "5 

.- ,-, -
= i.... :' --

;, ::- -, 
; .... _, ·: 

,- ...... -::-
• ·=· .' ._, 

( 
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:::Hur, Y A;:;::::::: 
LGCATIC:h 
Pi:':iRAt✓:'::Ti::ri • 

NUMB~~ OF DATA POINTS 
MEl) I A;·~ 

ME:~t\~ 
E;TA t~ [;A;; I:: 

GEO~ETRIC STA~DARD -vIATICN 
84.1¼ FREGCENCY VE 
15.9% FREQUENCY VE 

INDIVIDUAL POI~TS 

,-:, 

3 
,, .,. 

.., 
! 

1 1 

- - -- -· 
:.:; • ;:: ::-· !:) 

,t; .- --~ .:· 
'"t = -:: ::." :~--
- - -· -· .:, ~ ·:• !tl1 

-=- .- /".'. 
._i ll ,:, :,:• 

-, - ,-: ., 

,:, /I ! !:· _.:,.1 

... -- ... ,.-;,· 

1 

·:• -: "'::":.,I ----:• ,_,. ,.._ -· ._, .... ..:.... 

- / -~, ::. . _, .' 

-=:--:-:-,/' 
·-' ;J ._;,:_, ,.:, ,.:, .!. 

F ( I ) 

➔ •""'.•C 
• .i L·-' 

·";·,"::.,·".'.· 
;J ,;_ / .f..,,. 

a .:,_. / 

.'t =,-
• 'T ._i ,:; 

'::::"" ;t---:'.. 
: ._, ~ L 

,: -~· ~ . ·-·~·-' 
: -•;.-, 

:;J / ,,;..·,:, 

,,:,-:. 
• l / ,i;_ 

( 

( 
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:,:;·~·uc,} A1:;:EH 
Li:!C 1~ TIC~.,~ 

NG~BER o; DATA ~OI~TS 

~3i'1A L. LE::: T f~l_if1 B ~ i=\ 
u:1JiGE3 Nl_: .:::,, 

'.""'1 "I" 1~• f\ .:. ,_, 

N:J. ?OI NTS 

1 
z 

4 
5 

7 
,.:., 

1 ' - .l. 

.l. L. 

NUfBc 0~ DATA ?J.1.N7S 
t·1;::D: A;\; 

t✓.=-rR IC 
/~T0.IC 

.. 
L 

·-· 
4 

"" ·-· 
7 

.. ; , ' \ 
'• /_) ,_., •; r.._ L. 

,-.~ -~· t:'I 
• !:.; .;_ :::.! 

• ,£, L-:-- 1::,. 
~ ,' ...: 

• .!. i.:;, 1. 

""':• r"'.:•-:-
• ;:,. J~i j_ 

!/-".".·•::• • 1- ,.,_ ,_. 

• i.. 

-r .-, ,-:-· 
1t / ~-' )~.' 

"""· I ,. 
'· ~-' ·,_,,, l !_ 

'!" • • .,... -· '.; - -;-
.:. ; -! ,Li ..:.. "y' ~ ...... _, 

·.: = 1: 
~ : .. · -· ,_, 

.Ll 

. l :: ; 
• 14· 1 
• 1 4 1 .- ' ·'":'• 

• Z '1' ;2i 
• ::::4 ;~i 
• 442 

. ' - - --, -- -

._, t'. I~,_. c. 

- .... 
-... = . .:.._.:. _, 

- .- .-, -~, 
::: ,_, - - - ·-· ._, 

~ ,;. -· 
~ -. -:; 

.-. . 
~ .I ..... ,.,... -= -...:, 

_, ~ 1- ' 

• l 7 ,SS 

z ·-· 

._, 

F ( I ) 

,"'.•: .; .-. 
• )!/'-:"~ 

.. -~· C" • l...:.... _, 
·":'.· -"'.~ -, . :,__,:,..,,:, . ... 
-,-,::;-

• ,::., _J ._1 

,1 ::-.-, 
~ ""!" ._: ,,;,:., 

.. -. -:-: :::,. r:, / ._; 

--_-, f 
C.r"'ii7 

--.::- -.. - - --::-
._) _:_ ,:, -: . .: _, 

. - -- -· -.. !::, :_; .:1 / ~:.: ;3 

z L:-'"r'~ 

• 125 
• 2'0i:: 
"2·-:_12 
• 375 
. 4:. :: 

;::; 

·-· 

.-, -:,r::; 
• •:• / ._l 
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A P P E N D I X C 



0 
I -

TAf!IN.A. (DRY oEA~N) 
SAMPLE SI:E 513 

THI: IS A EE:f: :□ F·T 

Y =-1. ~:1 ,i:',:, F'ESUL TAIH 6. ~,'?004 AHGLE = 16.0072 

;, OF Tli'1E 

~~~-~~~--~~~--~~~--~~~--~~~--~~~--~~~--~~~--~~~--~~~ ~~~~-~~~~-~~~~-~~~M .14CM_l5CM ·16CM_l7CM_IBCMjl9CM_~~~~-~~~~-~~~~-~~~~-~~~~-~~~~-~~~~--~~~~ 

2 

3 

4 

C -· 

7 

R 

10 

11 

12 

l"' 

14 

16 

17 

18 

1'? 

20 

21 

22 

23 

24 

,,c c.., 

• 0 

• (I 

• (I 

• 0 

• (1 

• 0 

• 0 

• (I 

• (I 

• (I 

• (I 

• 0 

• (I 

• 0 

• (I 

• I) 

• 0 

• 0 

• (I 

• 0 

• 0 

• I) 

■ 0 

• (I 

• I) 

• 0 

• 0 

• 0 

• o 
• (I 

• 0 

• 0 

• (I 

• 0 

• (I 

• I.I 

• 2 

• (I 

• I) 

• 0 

• (I 

• (I 

• I) 

• 2 

• 0 , • 0 

• o I . 0 

• I) • I) 

• 0 • I) 

• (l • (I 

• 0 • u 

• (I I • (I 

• 0 • I) 

• 0 

• (I 

• 0 

• 0 

• (t 

• 0 

• o 
• (I 

• 0 

• (I 

• 0 

• (I 

• 4 

• 2 

• (t 

• (I 

.1) 

. ,. 

• (I 

• 0 

• (I 

.2 

.1) 

.2 

.2 

1. 0 

• 2 

• 0 

• o 

• 0 

• (1 

• Cl 

• (l 

• (I 

• (I 

• (I 

• I) 

.1) 

• o 

• (t 

• 4 

■ '=' 

• 4 

• v 

·'=' 
- 2 

• 4 

. 4 

• 2 

• 4 

• 0 

• I) 

• I) 

• I) 

• u 

• (I 

• (I 

• Cl 

.1.1 

• (I 

• (I 

.2 

• (I 

. 4 

1. '=' 

• 4 

• 4 

.t:, 

.2 

• (I 

• I) 

• 0 

• (I 

• 0 

• 0 

• 0 

• 0 

• 0 

.o 
• 0 

• (I 

• (t 

.8 

1.9 

2.5 

1.0 

• 0 ! 1. 4 

• 0 I 

• ,:,1 
'! .1.1 

2. 1 1 

• 4 

• 2 

• 0 

1.8 

• 0 

• 0 

• n 

• J 

• (I 

• (I 

• 0 

.2 

• 0 

• 2 

3.5 

3. 1 

2.3 

■ 8 

.6 

. ~ 
• 2 

• 2 

2.3 

• 2 

• r 

• u 

• 0 

• (I 

.o 
• 0 

• I.I 

• 0 

• I) 

1.4 

2. 1 

2.7 

1.2 

• 4 

.6 

• 2 

• 2 

.4 

.8 

.4 1. (I 

• (I • 0 

• 0 I • 0 

• 0' • (I 
I 

• 0 I • 0 

,.,I • 0 

• 0 • 0 
I 

• I) • 0 

• 01 
• 0 i 

•(II 
I 

.I.I 

• (I 

• 0 

• 0 

• 0 

• I) i • 4 

1.1.11 1.8 

~-, I 
c.5i 

• 4 ! 
I 

.4 i 

• o I 
I 

.2 I 

• 0 I: 

1.4 

4.5 

2. 1 

• 0 

.8 

• 0 

.2 

• (I 

.8 

.2 

• 0 

• 0 

• 0 

■ 0 

• 0 

• (I 

• (I 

• 0 

• (I 

• (t 

• 0 

• 0 

.6 

1.4 

3.5 

1.0 

• 4 

• I) 

• u 

• 0 

.2 

• 2 

.4 

• (I 

• 0 

• 0 

• 0 

• 0 

• (I 

• 0 

• 0 

• 0 
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SUMMARY 

The present report documents the field and laboratory 

research on ocean disposal of fish processing wastes in 

American Samoa. It is directed toward several general □bJec-

tives, including the following~ 

0 

0 

0 

For the fish processors, the objectives are is ensure 

an adequate and environmentally acceptable waste disposal 

site capacity within feasible economic and logistic capa-

bilities; and to have that site designated fur permanent 

use by the EPA Office of Marine Protection. 

For the federal and local regulatory the 

objective is to insure that disposal occurs in the mode 

least damaging to the environment, commensurate with the 

available alternatives and with protection of living 

resources--in this case through compliance with ocean dis

posal permit conditions; and 

For the Office of Marine Assessment (NOAA, Department of 

Commerce), the objective is to investigate the basic pre-

mise that ocean disposal of non-toxic, biodegradable 

wastes can provide the best alternative for management of 

fish processing wastes. 

An interim site designation off Tutuila Island, American 

Samoa, for an ocean dumping permit was issued by the 

Environmental Protection Agency (CFR 40, 24 November 1980), 
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based in part on an EIS submitted in tember 1979 b 

local Star-Kist Samoa, Inc. and the Van Seafood Di ✓ is1 □n 

of Ralston Purina Co. tuna processors. The permit was 1n part 

contingent upon conducting a Trend Assessment study to be based 

on a scope of work submitted by the canners to ~p~ for 

approval. The scope of the NOAA/DMPA investigation, with 

somewhat broader goals, was accepted by EPA, Region IX as 

fulfilling the Trend Assessment requirement for American Samoa. 

Two field monitoring periods, 1n January 1982 and July 1982 

were selected to represent the wet and dr (or rrade Wind) 

periods respectively. 

Semi-annual monitoring of the designated disposal site, at 

~0' 
~~ and 170° 41' w, 

(see Table 1 for methods): 

Temperature 
Salinity 
Dissolved Oxygen 
% Light Transmittance 
Light Penetration 
Winds, Sea State 

included the following 

pH 
NH3 
BOD 
TDC 
Color 
Currents 

Biota (visual observations) 

Field and laboratory results and analvses of 

discussed in the main body of the present report, 

parameters 

data are 

while field 

logs and data are presented in Appendix A and B for January and 

July 1982 respectively. 

Salient results of the of semi-annual trend assessment 

surveys are as follows: 

0 Na evidence of deleterious environmental stress has been 
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observed during ocean disposal monitoring. 

0 Althouqh a visible plume remained for several i. t. 

did not appear as an oily slick but formed a suspensate □ f 

f1nE• particulates which showed as a light b 1 Uf~·-·-tur·- quoi ,,e 

patch on the cobalt. deep sea waters. 

0 Much of the material sank within minutes of dumping, 

shown by changes in percent light transmittance 

5, 7, 2:l). 

o Five-day Biochemical Oxygen Demand (BOD 5) rose rapidly as 

dumping proceeded, but returned to background levels after 

dumping ceased, within minutes to several hours, depending-

on dispersion due to wind and sea state (Figures 9, 22). 

o Dissolved Oxygen CD□) dropped rapidly as dumping proceeded 

but did not fall below 5.5 ppm, which is well above levels 

that ~•JOU l d p,~oducE• 1:2··.•en tempor-a,~y on pt?lagic 

f :i. <;;hes (Fi gur·es 10, :2:':. and 24). In some cases the DD 

rE"turned to afternoon ambient (control) but in 

others it did not during the post-dump monitoring periods. 

no doubt, dependent on weather conditions 

and sea state. 

0 Ptmmoni a levels were low in a.mbi ent ~-.Jater~; and i. ncrea<:3E?d 

immediately to as much as 20 ug-at/1 NH3 (;:::: 0. ::::;4mg / l ) . 

f~mmon i a levels in the undiluted sludge vary; th E?r-1,2 

5() ~I ()()() uq··Ett/1 (8:50 mg/1) in th(? Jul\/ sample, 

indicat.inq that a dilution of 2500 times had occurred by 
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the time it passed he propellor wash. at the firs s3m-

piing in thf2 fitc:·lcl,, 

(3 40 mg1l) have been recorded 1n undiluted ',; J. 1.J d g -::: 

1n southern California, but this was from sludge that had 

been stored for several days. 

o There was close correlation between ammonia values and 

BOD suggesting that the ':5 imp l E2t'" , l e~;s time 

consuming ammonia technique could be used for future moni-

t □ring of the plume. 

0 Statistically significant differences between values in 

the plume and at control sites were found at least part of 

the time for the following: percent light transmittance, 

dissolved oxygen, ammonia and BOD 5. 

0 Significant diffferences were not found with 

sDl:ids, total organic carbon, oil and grease, or temper-

Natural sediment transport from storm turbulence or 

affects suspended solids controls, while very 

fine suspended particulates tend to skew TOC values. Oil 

and grease levels were □o low in water samples t □ give 

meaningful separation between the plume and controls. 

o When material is dumped on site, the plume moves offshore, 

moves par· all E::l to the coast with the longshore 

cur·rents. If it were accidentally dumped considerably 

short of the site, it could move onto the reefs and shore-

line where it might create an esthetically displeasing or 
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harmful residue at the edge of the surf zone. The dilu-

ticns are such that fish or invertebrate kills would not 

occur unless the dumping occurred very close to shore at a 

time of extreme low tides. 

o There is no evidence that dumped materials have reached 

nearshore areas since dumping began under the permit in 

October 1980. 

0 The possibility of marking the site with a fish aggrega-

tion device (FAD) should be explored. The American Samoa 

Office of Marine Resources has deployed several such 

devices elsewhere off Tutuila Island under the auspices of 

the National Marine Fisheries Service, and fish recruit-

ment has resulted. This would, in turn, enhance utiliza-

tion of the nutritional ingredients of the waste by 

providing a new, habitat in the water area. 
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I . INTRODUCTION 

HISTORICAL BACKGROUND 

The main island of American Samoa is Tutuila, located 

2600 mi (4160 km) south-southwest of Hawaii (Figun-:? 1). The 

Samoa are part of the Samoan ridge, a deep water-islands of 

formation from which volcanic peaks rise steeply to elevations 

up to 3000 feet (914 m) above sea level. Pago Pago Har-bor is 

formed from the drowned caldera of a large volcano which was 

subsequently eroded by riverine flow (American Samoa Dept. of 

F'ublic Wor-ks, 1976). The harbor now has roughly the configura-

tion of a "bird"s head," with the capital, Pago Pago, and 

associated villages located on the narrow silty margins of the 

harbor, backed by steeply rising peaks (Figure 2). 

Fish processors in American Samoa have been located along 

the narrow margin of the "upper beak" near Anua (Figure 2) 

since part of a World War II naval installation was converted 

into a tuna processing facility by IBEC. ',,Jan Camp succeeded 

IBEC, and Star-Kist opened their plant in 1963 (Vincent Evich, 

Star-Kist Foods; pers. comm). 

Because the inner harbor is poorly flushed, waste loading 

became a severe environmental problem concomitant with :i.n-

creased fish processing. The imposition of regulatory con-

trols followed the sequence of requirements under the National 

Environmental Policy Act (NEPA) in 1970 and the Federal Water 
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Pollution Control Act Amendments of 1972. Whereas all particu-

lates, solid wastes, and liquid wastes from the fish processors 

had gone directly into the harbor, screening was instituted 

along with installation of facilities for scrap reduction to 

fish meal. The Dissolved Air Flotation (DAF) process, intro-

duced for tuna waste treatment in 1974 under a requirement of 

the NPDES permit program, greatly reduced the waste loadings to 

the harbor but in turn created a different problem. The DAF 

process created a semi-solid sludge, 

containing various coagulants. 

odoriferous, saline and 

Because EPA policy at that time precluded ocean disposal 

of the sludge, land disposal of the semi-solid material was 

mandated when DAF treatment was begun. 

There is a very limited amount of land for habitation and 

cultivation on the peripheral shoreline and fringing reef struc

tures of the island or on the plains near the airport. The very 

porous nature of the soil and the associated problems of perco

lation thus make land-based disposal of solid wastes a signifi-

cant problem for American Samoa. The disposal of the wet 

cannery wastes in local landfill was objectionable to nearby 

residents, 

hazards. 

attracted vermin, and increased public health 

Trucking of the wastes to the landfill from the 

canneries required passing through the downtown area on the 

only road --- a road shared as well by pedestrians (and by 

events such as the parade pictured in frontispieces). 
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permit for ocean disposal was sought from EPA Region IX in 

1979, at the recommendation of EPA staff from the National 

Enforcement Investigations Center in Denver. 

INTERIM SITE DESIGNATION 

In accordance with provisions of the Marine Protection, 

Research and Sanctuaries Act of 1972 (Pl 92-532, 33 USC 1401 

et seq.), permit No. OD 79-01/02 was issued jointly to Star-

Inc. and the Van Camp Seafood Division of the 

Ralston Purina Co. An interim site was designated by the Envi-

ronmental Protection e:nc-/ in th~2 R&?q i ~;ter, \/ol . 45, 

No. 228, Mon. November 24, 1980. 

As stated therein, under 40 CFR Part 228, Ocean Dumping; 

Final Designation of Site: 

'' ... EPA today designates a fish cannery waste site in 

the Pacific Ocean as an EPA approved interim ocean 

site. This action is necessary to provide a site for 

the dumping of fish cannery waste originating in 

American Samoa which can no longer be accommodated en 

land .... " 

The site designated lies off Tutuila Island~ F4mer i can 

Samoa in the South Pacific (Figure 2). The center point of the 

one na1.tt i cal 

and l4°22'S. 

mile - diameter dumpsite is located at 170°41"W 

( C::FF: ::28. :l 2, Delegation of management authority 

for interim ocean dumping sites; opt. cit. l. 
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Transportation of wastes to the dumpsite is by the 125 ft 

vessel Misimoa, which has a capacity of appr-o;: i. fTli::itE•?J. \/ 4 :i. ,, (:iQ() 

( 1 ~j5, ~2():2 1 ) z,ind discharges through hull ports 

o·f the propellors at a rate no greater than 500 qpm ~•-1hE?n 

moving at 5 knots, so that optimum initial mixing is obtained. 

Di s:;posal under the permit is limited to 130,000 tons per 

cannery waste generated on the island of Tutuila, 

American Samoa,, but amounts have been far less than that 

(Tabl E• 2, p • ::::;:i). 

The application for permit and site selection included the 

1 t. (?:.•m~,:; o+ i n for· mat i. Dn r· E-:• qui r· ed :i. n t. h f'c! t:.~~!_J~~-r..:.:=.:~J_ Req i. '3.t.n.r.-:, Vo 1 • 4 .-., .. _' 

No. ·7 

I ' 
Tit.It:~ 40, January 11, 1979 (See Appendi:{ 

C). The issuance of the interim site designation was based in 

cin data containE'd in thi? ''Evaluation of 0C:('::'an Di sposcd 

of Star-Kist 

Foods, Inc .• :1nd 1:;:alston Purina Co. by Mt:E Pacific, Inc. (Sep-

tember 197'7). That report included data on Pago Pago Harbor, 

thE• Tafuna sewage treatment plant outfall si tE• and adjacent 

coastal ~"at.er-s. In addition,, responses to the criteria for 

site selection, 1 i sted in Part 228.6 of the above Federal 

Register, were filed with EPA Region IX by a letter and attach 

merit dated Mar-ch 10, 1 ci80 ( see Append i ;: C) . 

conditicm for issuance of the permit, certain 

1 ab or·· at cir-\/ an,::11 yses the wastes were required to be 

performed quarterly. (See Section \.l I ~ Rei:]ul ator-y 
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Compl 1ance). A monitoring plan to define the fate of 

dumped under various climatic and sea conditions and a scope of 

work for environmental assessment of the impact of site use for 

disposal were required, 1n consultation with EPA Region IX, to 

out during the three-year interim permit period. 

The monitoring parameters are summarized in Table 1, p 34. 

NOAA-OMPA INVESTIGATIONS 

In 1981, the Office of Marine Pollution Assessment (NOAA, 

Depc:~rtment of Commerce) funded a grant to the principal inves-

the Un1ver itv of South f:?t'· n California entitled 

"Assessment of the Oce,°"n Disposal Pil ter-·nati ve for Management of 

Fish Processinq l.\Jastes" to include research in southern 

California and American Samoa. Partial matching effort was 

provided by Star-Kist Foods in the southern California investi-

qations, and by Star-Kist Samoa and Van Camp Seafood Division 

of Ralston Perina Co. in American Samoa. 

The objective of the fish processors are to :i. nsure an 

adequate disposal site capacity within feasible economic and 

logistic capabilities of the industry and to have that site 

designated for 

F'rotection. 

permarH~nt use by the EPA Office of Marine 

The responsibility of the federal and local. requlator-y 

agencies is to insure that disposal occurs in the mode least 

damaging to the environment, commensurate with avail::l.ble 
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alternatives and with protection of living resources. 

The objective of the Office of Marine Pollution Assessment 

(NOAA-Department C)f Commerce) grant is to investigate the 

basic premise that ocean disposal of non-toxic, biodegradable 

wastes can provide the best alternative for management of fish 

processing wastes. 

Thus the needs of the processors for documentation of trend 

assessment i 11 American Samoa were concurrent with 

implementation of the NOAA investigations. The field and 

laboratory programs were designed to fulfill the objectives of 

both programs. 

Information for the EPA permit renewal must include an 

environmental trend assessment of the impact of the use of the 

site for disposal. 

that requirement. 

The present report is directed 

IMPACT ASSESSMENT RESEARCH 

FIELD INVESTIGATIONS 

toward 

Field investigations were carried out during two periods 

in American Samoa, one from 15 to 23 Janaury 1982, representing 

the rainy season, and the other from 16 to 30 July 1982, repre-

senting the dry or Trade Wind season. The parameters selected 

for measurement were similar to those used in southern Califor 

nia studies (Soule and Oguri, 1982) with a few exceptions. 

Benthic sampling was not included in American Samoa due to the 

great depths (exceeding 120010) at the disposal site which would 
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inhibit the dumped material from reaching the bottom. F1s.h 

surveys were made on a visual basis. since no fathometer 

SONAR gear are available in American Samo,3.. 

based entirely on visual sightings, using sextant and compass. 

but good landmarks such as the airport VORTAC tower, Breakers 

Point, Fatu Rock, and Matafao Peak, (Figure 

visible for triangulation. 

Table :L (p 34) lists the parameters measured and the 

methods used for analysis. The instruments were all tr·ans-

ported by air as passenger baggage to American Samoa for 

safer- handling, and recalibrated upon ,ar-r-iva1. Laboratory 

equipment was installed in the Rainmaker Hotel, and the 

American Samoa Marine Resources Center (MRC> provided other 

logistical ~;upport. The MRC r-esec:1rch vessels §_§L1saui moa.c@ or 

Autele were made available by Dr. Richard Wass and Mr. Henry 

field Sesepesara. Dr. Wass and William Pedro assisted with 

navigation and sample collection. Senator Peter Reid and Mr. 

Brant Judy made commercial refrigeration space available for 

holding samples when the cannery freezer facilities were not 

clper at i ng. Cooperation of the Star-Kist and Van Camp labora-

tory and plant facilities personnel was noteworthy during field 

efforts. 

Quantities of waste dumped between 1 October 1981 and 31 

December 1982 by the two processors are listed in Table 2, (p 

35}, while quantities dumped during the field monitoring are 

listed in Table 3, (p '.:'.:6). 
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II. JANUARY FIELD RESEARCH 

CRUISES 

The first cruise on 18 January 1982 on the R.V. 

Sausauimoana with Paul Pedro, skipper, was short due to a very 

rough 

along 

seas and rainstorms. It was scheduled in the afternoon 

with a demonstration dump for a visiting Congressional 

committee which was on a sport-fishing cruise off Tutuila. The 

remote probe battery was unable to hold sufficient charge 

during that period so on subsequent cruises, on the R.V. 

Autele, leads were attached to the onboard batteries. The dump 

was started on the 18th before control stations could be 

sampled, and the dump vessel Misimoa could not be contacted by 

the sampling vessel due to communication difficulties. 

20 January, water samples were taken from on board On 

the R.V. Autele before, during and after dumping operations 

for determination of ammonia, five-day biochemical oxygen 

demand (BOD 5), total organic carbon (TDC) and oil and grease. 

In addition, the transmissometer and Secchi disc were used to 

determine the turbidity associated with the dump on the surface 

and at 2m, 3m, 6m, and 10m, and the Forel-Ule scale was used 

for color evaluation. 

On 21 January, the parameters of temperature, salinity, 

dissolved oxygen (DO) and pH were measured by Martek 

instrument, before, during and after dumping. Additional BOD 5 

samples were taken as well as water samples for oxygen determi-
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nation by the Winkler method for comparison. Winkler values 

tended to be slightly lower than Martek values. (See Appendix A 

for field and laboratory data). 

Water samples for BOD and TDC determination were refrig-

erated after acidification to pH2 with sulfuric acid, and 

packed in ice for transporting to the USC Environmental Engi-

neering Laboratories in Los Angeles. 

Tracking the Plumes and Sampling 

Drogues were deployed on each cruise in order to follow 

surface current movements. Drogues consisted of 

plastic plates, each pierced by a Kahl Scientific 

drogue wand with weighted tip and cork ball float. 

colored 

plastic 

Various 

colored streamers of surveyors tape were used to code the 

place of deployment and identify the plume movement upon 

resighting. 

The locations of the various January sampling stations 

are plotted in Figure 3. The navigation of the dump vessel by 

visual sightings suggests that its position within the dump 

circle at the start of disposal may be somewhat imprecise, but 

dumping did begin each day well within the test prime 

Figure 2) circle, as designated by the Ocean Dumping Permit. 

The research vessel began sampling in the test secondary (TS) 

circle at the start of the dump as planned, and monitored the 

plume as it spread. It also sampled the control north (CN) and 

control south (CS) sites. Stations A-F were sampled on 18 
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January 1982, G-T on 20 January, and ~~10 on 21 Januarv. 

The spread of the plumes on the three days 

(:::.•ac:h cl.,::1·/, as illustrated in Figure 4; thi,, i,,:; 1 n c::nntr· ,,\':it to 

the limited information published previously ir, studies by the 

(3o·,-'er· n men t of American Samoa Department of Public Works ( CH:::M 

Hill, 1976) the ,;;tudy 11 Eval uE,t ion of Occ•an Di spcE;al of 

Cannery SludgE, in f'.°:imer·icc:1.n Samoa" (l"lt-:E: F',::1cific,1 1'-?79) On 1 !3 

January,the plume was almost static in spite of south winds of 

4-7 mph and rough water. On 20 January, the plume moved to the 

southwest with the wind from the east-northeast, but the plume 

1r·emc:1.i ned almost entirely within the dumpsite circle except at 

the On the 21 January, the plume 

split. were at first light, increasing to 16 mph from 

the n □r-theast. The wind varied in direction and the incoming 

tide may have carried some drogues and patches of slick to the 

n □1rth-·-east while others traveled almost at right angles to the 

to the southeast. At control south (CS), conversely, the 

drogues 

pa1ral 1 el 

earlier 

t1ravel ed 

to the 

studies 

southwest in strongly \•Jin d--d,,- i \1en movE•m0?nt 

coai;;t .. Thi. s l <:;; ;"l"fOlr·(:• l n k ec•='P :t n .;j \·•J:t th thE! 

mentioned abovf::.•, and may be typical o·f 

near shore area to the southwest of the airport. He.sult.s in 

July 1982 also differed, with drogue movement at the sur· face, 

10m and 20m trending toward the north-northwest or north-north-

east under strong winds from thE• south, as ~"i. 11 be discussed 

later. 
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Turbidity 

Tracking the turbidity of the plume on the surface and at 

depth was done by Secchi disc. and by the inverse measurement 

of percent light transmittance (%T) using a Hydroproducts 

transmissometer with a self-contained light source and a 10 cm 

path. The depth profiles of %T for January dates are presented 

in Figures 5, 6 and 7. 

Two phenomena are clearly seen; one is that a 

depression of transmittance occurs immediately after surficial 

dumping, followed by recovery. The other is that as surface 

recovery progresses, transmittance decreases through the water 

column for 3-6m and sometimes deeper. A difficulty in inter-

preting data is that natural turbidity seemed to increase as 

the day progressed. Upwelling seemed to occur at the control 

south (CS) location although that phenomenon has not previously 

been suggested as occurring off Tutuila, so that comparisions 

with disposal plume turbidity are less easily interpreted. 

Thus, the apparent decrease in transmittance due to dumping 

must be weighed statistically. 

The tropical waters off oceanic islands are generally low 

in phytoplankton productivity, tending to negate that as an 

explanation. The chlorophyll~ data for Pago Pago Harber and 

along the south coast (M&E Pacific, 1979) are similar to values 

found elsewhere in the tropical Pacific <Doty and Oguri, 

unpubl.>, but are 2 to 3 orders of magnitude lower than those 
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from Los Angeles Harbor (Soule and □guri, 1980l, for example. 

Biochemical Oxygen Demand 

The five-day BOD samples were acidified on board and 

refrigerated for transport to Los Angeles. The BOD 5 levels 

in samples for 21 January increased from ambient levels imme-

diately at the start of the dump (Figure Bl and began to dee-

line as soon as dumping was completed (center vertical line, 

Figure 8). The low readings from station 08 samples were proba-

bly not representative, since they were from the periphery of 

the plume (Figures 3, ~\-""1 , '.'I those at station 10 were probably 

more representative. Lack of afternoon controls makes compari-

son less certain as to whether BOD 5 levels returned to ambient 

at the surface during the two hour period. 

Comparison of BOD 5 and Ammonia 

The 

(Figure 

to be 

initially 

BOD 5 surface values for 20 January were 

9) against surface ammonia (NH_) readings and 
~ 

plotted 

proved 

remarkably similar in configuration. except that 

the ammonia level increased from morning ambient 

values as soon as dumping began (Station Kl, whereas BOD levels 

declined from control levels. Both parameters then continued 

parallel in a steep decline, suggesting initial inhibition, 

and then both rose rapidly. The sample at Station N was 

distinctly i 1, 

(Figure 6). 

the plume, as shown by light transmittance 

Both NH_ and BOD declined below afternoon control 
~ 
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south (CS) levels by 1400 hours. 

The p.=-.H"allel results of BOD 5 and NH~ suggest t.h,,:i.t 
·-·' 

analysis, which can be done much more easily then BOD 5, may be 

the parameter of choice for assessing impacts of the plume in 

such a remote site. 

Dissolved 0;< YC:-L~l 

Control. North (CN) values for dissolved oxygen (DO) were 

high a.t the sur·face, 6m and 10m in the morning of 21 

January (FiyLW£'2 10), all were at 6. 1 ppm, as measured by the 

probe. Winkler DO values tended to be slightly 1 ower· 

(e.g., 0.3 ppm less). Control surface values at TP and CS were 

higher but the other depths had lower readings. 0>: ygen 1 evel s 

declin£?d swiftly after dumping began, E•specj_ally at but 

recovery was quicker at that depth as well. All readings were 

close to control values by the end of the monitoring period, 

but surface values did not return to morning levels. ~:;urf ace 

DD levels tend to drop naturally during the hotter part of the 

day. 

Secchi Disc and Sea Color 

The measurement of water transparency and color are 

visual, and are thus highly subjective. It is best if one 

person performs these tasks throughout the period to minimize 

variations. As illustrated in Figure 11, the white Secchi disc 
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was visible to more than 20m at controls. '-)i.s,il:J1.l1.t p J. ummE,t: E·•d 

to than 4m after dumping tht,)n qr· ,,,1cl ua J. 1 \/ 

rec D./(·?r· (-?d but not to control levels during 

pattern tends to differ slightly from the metered transmittance 

( Fi 1JL.we 6) which shows more sensitivity. 

The For·· el ··-U l E• color scale did not indicate 

variation, al tt1ciugh there is considerable difference on 

scale from FU 1, a cobalt blu£•?, to the brownish green seen in 

the plume and the turquoise of the plumE' after di.sp~:?r·sion and 

degradation have begun. 

Principal Component Analysis (PCA), a type of factor ana-

lysis (Figure 12) develops vectors (scaled, directional arrows) 

to express the relationships among the '-/ector·~; 

that are similarly directed are correlated, ~,Jhi le those that 

point in opposite directions are inversely related. If vectors 

are perpendicular to one another, parameters are presumed not 

to be related. The Figures actually represent ~S-dimE,?nsional 

space. 

In the factor analysis, several parameters 

into three principal factors. The dominant combination in the 

January analysis includes in Factor 1, percent liqht 

transmittance (%T) and ammonia. The second factor includes the 

parameters of distance from the dump and BOD 5, .:ind the third 

is ti.me of day. Together the three factors account for 74 
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percent of the variance in the entire array of measurements 

CSee Table 41 

From the factors shown as vectors in Figure 1 ? -, it would 

appear that ammonia was inversely related to depth, 

percent transmittance was directly related to depth. The BOD 5 

was directly related to distance from the dump; it also 

appeared to be related to time in factors 1 and 2, and in 1 

and but was not related to time in 2 and so the 

rotational changes in vectors suggests that the time relation-

ship is not valid. 

Testing the data by ANOVA (Analysis of Variance) produced 

some statistically significant information (Table 5}. As 

illustrated in the following bar graphs (Figures 13-18), the 

single horizontal lines represent the ranges (extremes), and 

the central vertical lines, the means; the double bar lines 

represent 2 Standard Errors. 

In Figures 13 and 14, percent light transmittance can be 

seen to vary significantly with depth as well as with dumping 

and post-dumping conditions. The difference in %T between 

controls and the surface values at the time of dump was 

statistically significant, but there was considerable 

overlapping of data at depths. There was a marked reduction in 

%Tat the surface immediately following the dump. 

dump period, 

substantial 

some depression in %T remained, 

recovery as material disappeared, 

In the 

but there was 

by sinking, 
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dispersing and dilution. 

Ammonia values (Figure 15) showed 

significant increases during dumping and post-dump periods only 

and the surface through 3m depths. but values not 

significantly different from controls at 6m and 10m depths. 

This suggested that the ammonia-containing material was in the 

fraction which tended to float rather than sink. 

On 20 January, the lowest BOD values (Figure 16; occurred 

at the 6m and 10m depths during dumping and differed 

significantly from all other values. The post-dump data over-

lapped values at controls. The 21 January data produced a 

different picture (Figure 17). The BODs were high in the dump 

and post-dump periods at virtually all depths, but the varia-

tion was so great that there were no statistically significant 

differences from controls. 

Differences i Ii surface oxygen values (Figure 18) as 

determined by Martek probe 

and post-dump 

were significant between controls 

at both dump periods. However, there were no 

significant differences among the other depths. Analysis of 

Winkler DO measurements showed a similar surface difference but 

it was not significant. 

Apparently, disposal had no discernible effect on tempera-

ture, salinity or pH. The difficulties of sampling through 

the water column while the slick and the boat are drifting, and 

some dump material is sinking, make the potential great for 

erratic results. Yet statistically significant differences 

were found in light transmittance, ammonia and BOD 
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FIGLRE 5. PERCENT LIGHT TRANSMITTANCE Off), 18 JANUARY 1982. 

40 

X 10 m 

DUMP WAS UNDERWAY WHEN KJNITORING STARTED AT 1402. ZERO VERTICAL 
Lll\E MARKS EN) OF ou,.p. floTE THAT DEPRESSION IS PRIMARILY LIMITED TO 
UPPER 3 METERS. FINAL CONTROL Soun; (CS) VALLES WERE CONSIDERABLY 
LOWER THAN TRANSPARENCY VALLES IN THE DISPERSING PLutE. 
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FIGLRE 6. PERCENT LIGHT TRANSMITTANCE, (%T) 20 JANUARY 1982. 

CONTROL tEASLREMENTS WERE TAKEN PRIOR TO DUMP, WHICH WAS STARTED 
AT 1040 CK) AN) FINISHED AT 1115 (VERTICAL LINE). NoTE LOWER VALUES 
FOR CONTROL SoUTH CCS) COMPARED WITH CONTROL NoRTH CCN). THE Sl.RFACE 
AND 3 tETER VALUES WERE STRONGLY DEPRESSED INITIALLY, WHILE 6 AND 10 
METER VALUES WERE LESS SO, WITH 10 tETER VALUES REMAINING WITHIN CS 
RANGE. 
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FIGURE 7. PERCENT LIGHT TRANSMITTANCE (XT), 21 JANUARY 1982. 

CoNTROL VALLES IN THE f.ORNING WERE HIGH, AND Sl.f<FACE VALUES WERE 
QUITE DEPRESSED AT THE START OF DUIIIPING ( OS AT 1045). SI.JRFACE VALLES 
ROSE RAPIDLY DURING DLM>ING AND VALUES FOR ALL DEPTHS WERE SIMILAR 
AFTER DUtlPING STOPPED (1127, VERTICAL LINE). WINDS WERE GUSTING TO 
OVER 16 fJPH SO THAT MIXING APPARENTLY WAS f.ORE PRONOUNCED THAN IT WAS 
ON THE 18TH OR 20TH, BUT TRANSPARENCY VALUES DID NOT RETl.f<N TO f.ORNING 
CONTROL VALUES. 
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FIGLRE 8. FIVE-DAY BIOCHEMICAL OXYGEN DEMAND (800 5), 21 JANUARY 1982. 

B00 VALUES ROSE FROM AMBIENT LEVELS DI.RING Dl_M:>ING AND DECREASED 
AFTER DL.M=>ING WAS CONCLUDED. STATION 8 WAS ON THE EDGE OF THE PLL..t"E 
AND SO PROBABLY WAS NOT AS REPRESENTATIVE OF 800 LEVEL AS STATION 10. 
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FIG~ 9. COfJPARISON OF SLRFACE At-M:lNIA CNH3 ) CONCENTRATIONS AN:> FIVE-DAY 
BIOCHEMICAL OXYGEN DEMAND (800 5), ON 20 JANUARY 1982. 

AMI\IDNIA LEVELS AT MJRNING CONTRQ SITES WERE LOW AND BOD LEVELS 
RELATIVELY HIGH PRIOR TO Tt-E Ol>'IP. AMI\IDNIA WAS HIGH AT Tt-E START OF 
TI-E OLM=' CK) At-0 DECLINED DLRING DISPOSAL, AS DID BOD. SUGGESTING 
INITIAL IN-iIBITION OF BOD. BOTH PARAMETERS.ROSE AFTER DUfJPING CEASED 
( N) • AND DEPEND I NG ON THE POSITION IN Tt-E SL I CK• DECL HED TO At-'13 I ENT 
OR LOWER VALUES WITH THE. (1 µg.at NH3/t = 0.017mg NH3/t) 
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FIGURE 10. DISSOLVED OXYGEN, 21 JANUARY 1982. 

MoRNING CONTROL SAf,JpL.ES SI-OWED Ll'JIFORM LEVELS AT 6,1 PPM FOR ALL 
FOUR DEPTHS MEASURED AT CONTROL N:IRTH ( CN) • loWER LEVELS AT TP Al'O 
CONTROL SoUTH (CS) WERE FOLl'JD AT 3, 6 AND 10 METERS, BUT SURFACE VALUES 
RECORDED WERE 6,3 AT TP AND AN ANOMALOUS HIGH AT 6,8 PPM AT CS (NOT 
SI-OWN). AT THE START OF DLMPING AT 1045, DISSOLVED OXYGEN DROPPED 
RAPIDLY. RECOVERY TO APPROXIMATELY AIVl3IENT CONTROL LEVELS OCCURRED 
FOLLOWING COMPLETION OF THE DLMP, ALTHJUGH SURFACE DISSOLVED OXYGEN 
TENDS TO BECOME LOWER DURING THE HOTTER PART OF THE DAY. 
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FIGURE 11. WATER TRANSPARENCY MEASLRED BY SECCHI DISC AS COMPARED WITH 
COLOR MEASURED BY FORB..-ULE COLOR ScALE, 20 JANUARY 1982. 

1400 

T 

BOTH VALLES ARE IVEASLRED VISUALLY ANO ARE THUS SLSJECTIVE. SECCHI 
DISC VALUES DID l'OT RETLRN COMPLETELY TO CONTROL LEVELS, BUT FOREL-ULE 
COLOR SCALE DID. THE COLOR SCALE AT FU 1 IS COBALT BLLE; INCREASING 
NLM3ERS PROGRESS THROUGH TURQUOISE SHADES TO DARK GREENS INCREASING TO 
15, AND BROWNISH SHADES TO 21. (DuMP STARTED AT KANO WAS COMPLETED AT 
N, AS SHOWN BY VERTICAL LINE AT TIIVE ZONE), 

180 



27 

FACTORS t & 2 FACTORS 1 & 3 
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A111n1onio 
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FACTORS 2 & 3 

Time 
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AlllaOnla 

FIGLRE 12. PRINCIPAL COMPONENT ANALYSIS (PCA) SHOWING RELATIONSHIPS 
BETWEEN PARAMETERS, JANUARY 1982 

PARAMETERS EXPRESSED AS THREE-DIMENSIONAL VECTORS ARE DIRECTLY 
CORRELATED IF SIMILARLY DIRECTED AND INVERSELY CORRELATED IF POINTED 
IN OPPOSITE DIRECTIONS. PERPENDICULAR VECTORS ARE PRESUMABLY UNRELATED. 
FACTOR 1 INCLUDES DEPTH, PERCENT LIGHT TRANSMITTANCE (%T) AND AMMONIA. 
FACTOR 2 INCLUDES DISTANCE FROM DUMP AND BOD, AND FACTOR 3 IS TIii£ OF 
DAY. (SEE TABLE 4 FOR CORRELATION MATRIX) 
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AMERICAN SAMOA DUMP TEST I 
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FIGLf!E 13. PERCENT LIGHT TRANSMITTANCE(%T), 20 JANUARY 1982. 

* The difference is significant (by anova, P< 0.001). 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
without transformation. CC=0.2066). 
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AMERICAN SAMOA DUMP TEST II 
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FIGLR: 14. PERc.ENT LIGHT TRANSMITTANCE C~T), 21 JANUARY 1982. 

* The difference is significant (by anova~ P= 0.006). 
Range & mean+ 2 S.E. are shown. 
Data processed without transformation. 
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AMERICAN SAMOA DUMP TEST I 
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FIG~E 15, AMMoNIA, JANUARY 20, 1982.(1 µg.at NH3/Z = O.Ol?mg NH3/Z) 

* The difference is significant. (by anova, P< 0.001). 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement. realized 
without. transformation. CC=0.2350). 
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AMERICAN SAMOA DUMP TEST I 
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FIGURE 16. FIVE-DAY BOD (mg/1), 20 JANUARY 1982. 
* The difference is significant (by anova, P= 0.007). 

Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
without transformation. CC=0. 1877). 
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AMERICAN SAMOA DUMP TEST II 
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FIGURE 17. FIVE-DAY BOD (mg/1), 21 JANUARY 1982. 

* The difference is not significant (by anova, P= 0.274) 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
without transformation. CC=0.2164). 
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FIG~E 18. DISSOLVED OXYGEN (ppm), 21 JANUA~Y 1982. 

* The difference is not significant (by anova; P= 0.064). 
Range & mean+ 2 S.E. are shown. 
Homogeneity of variances requirement realized 
without transformation. CC=0.3120). 
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Table 1. Parameters Monitored in American Samoa at Control and Test Sites, 
January and July, 1982. 

Parameters 

Temperature 

Salinity 
pH 

Dissolved Oxygen 

Light 

Transmittance 

Penetration 

Color 

NH 3 
BOD 

TOC 

Wind 

Currents 

Biota 

Visual Observation 

Field Method 

Martek Electronic Probe 
II 

II 

II 

Hydroproducts Transmissometer 

Secchi Disc 

Forel-Ule Scale 

Water Sampler 

Water Sampler 

Water Sampler 

Hand Gauge 

Drogue Visual Sightings 

Direct Observation 

Solids Dispersion, Slick 

Lab Method/Calibration 

Thermometer 

Known Solution 
Standard Buffers 

Air Calibration 

Specific ion Probe 

Standard Methods 
(APHA 1981) Modified 
for Sea Water; Elec
tronic Probe 
Oceanography Inter
national Model 0524B 
Total Carbon System 
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Table 2. Quantities of Wastes Dumped Under Permit No. 0079-01/02 
1 October 1980 - 31 December 1982. 

Period 

1 Oct-31 Dec 80 

Reported by 
Waste Producers 

Van Camp 
gallons/ 

tons 

Star-Kist 
gallons/ 

tons 

86,700 
260 

1980 TOTALS gallons 
tons 

1 Jan-31 Mar 81 594,125 839,300 
2,150 2,552.5 

1 Apr-30 Jun 81 901,625 840,700 
3,721.9 2,395.3 

1 Jul-30 Sept 81 925,410 1,021,200 
3,820.4 2,769.8 

1 Oct-31 Dec 81 811,500 821,800 
3,350.3 2,529.8 

1981 TOTALS 
ga 11 ons 3,232,660 3,523,000 

tons 13,042.6 10,247.4 

1 Jan-31 Mar 82 401,125 701,000 
1,656 2,058 

1 Apr-30 Jun 82 830,500 651,050 
3,428 1,941.9 

1 Jul-30 Sept 82 565,811 696,000 
2,336 2,060.26 

1 Oct-31 Dec 82 804,077 681,926 
3,319 2,021.45 

1982 TOTALS 
gallons 2,601,513 2,729,976 

tons 10,739.0 8,081.61 

Reported by 
Waste Carriers 

Inter-Island Shipping 
Total Reported 

86,700 
260 

86,700 
260 

1,433,425 
4,702.5 

1,742,325 
6,117.2 

1,946,610 
6,590.2 

1,633,300 
5,880.11 

6,755,660 
23,290.01 

1,102,125 
3,713 

1,481,550 
5,369.88 

1,261,811 
4,396.26 

1,486,003 
5,340.45 

5,331,489 
18,820.59 
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Table 3. Quantities of Waste Disposed at Sea in American Samoa During 
Field Monitoring in 1982. 

Date Gals Tons 

18 January SK 16,800 52,50 
19 January SK 21,000 61.21 
20 January SK 21,000 61.21 
21 January SK 16,800 52.50 

19 July SK 16,800 46.94 
vc 24,375 101.00 

20 July SK 21,000 62.17 
vc 6,250 26.00 

22 July SK 29,400 85.82 
vc 12,500 

23 July SK 25,200 73.56 
vc 5,000 21.00 
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TABLE 4. PRINCIPAL COMPONENT ANALYSIS 

(SEE FIG~E 12) 

AMERICAN SAMOA DUMP TEST 

6 variables: 
1 - Time 
2 - Distance 
3 - Depth 
4 - ¾T 
5 - Ammonia 
6 - BOD 

51 sets of observations. 

Variable correlation matrix CR): 

1 2 3 4 5 6 
1 I .00 -0. 10 -0.06 -0.29 0.03 -0.02 
2 -0. 10 1 .00 0.01 0. 13 -0.20 0. 11 
3 -0.06 0.01 1 .00 0.64 -0.55 -0. 14 
4 -0.29 0. 13 0.64 1 . 00 -0.61 0.06 
5 0.03 -0.20 -0.55 -0.61 1 .00 0.06 
6 -0.02 0. 11 -0. 14 0.06 0.06 1 .00 

Determinant of R = 0.2551 
For Spar i city test, Chi-square = 64.435, df 

Eigenvectors (axis loadings) 
-factors are columns, variables are rows-

1 
2 
3 
4 
5 
6 

1 
0. 19 

-0. 16 
-0.54 
-0.59 
0.54 
0.04 

V'V= 

1 .00 
0.00 
0.00 

2 
0.42 

-0.58 
0.27 

-0.08 
-0.08 
-0.64 

0.00 
1 .00 
0.00 

3 
0.85 
0.31 
0.05 

-0.08 
-0.26 
0.33 

0.00 
0.00 
1 00 

= 15 

JANUARY 1982 
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TABLE 4, CONTINLEO, 

AMERICAN SAMOA DUMP TEST 

Eigen-
Foctor value ¼ Cum¼ df 

1 2.281 38 38 15 
2 1 . t 82 20 58 10 
3 0.971 16 74 6 

Factor Pat.tern Cfoctor-varioble correlations) 
-factors ore columns; variables ore rows-

1 
2 
3 
4 
5 
6 

1 
0.28 

-0.24 
-0.82 
-0.89 

0.82 
0.06 

2 
0.45 

-0.63 
0.30 

-0.08 
-0.08 
-0.70 

3 
0.83 
0.31 
0.05 

-0.08 
-0.26 

0.32 

Foctor Score Coefficients 

1 
2 
3 
4 
5 
6 

-factors ore columns, variables ore rows-

1 
0. 12 

-0. 11 
-0.36 
-0.39 
0.36 
0.03 

2 
0.38 

-0.53 
0.25 

-0.07 
-0.07 
-0.59 

3 
0.86 
0.32 
0.05 

-0.09 
-0.27 
0.33 

End of Analysis 

JANUARY 1982 

Chi-
square 

-64.435 
33 036 
24.580 
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2 LEVEL NESTED ANOVA 
(ANALYSIS OF VARIANCE) 

AMERICAN SAMOA DUMP TEST-Control/Test-Depth-¼T 

JANUARY 1982 

-- PERCENT TRANSMITTANCE VARIES SIGNIFICANTLY WITH DEPTH. CP=0.000) 

ANOVA Tobie: 

I eve I SS 

2 492.050 
STATIONS) 

1 1565. 668 
(DEPTHS) 

0 
(OTHER) 

Vorlonce 

level 

2 
1 
0 

Tobie of 

2 
1 

670.600 

Components: 

vor. comp. 

5.5075 
27.8366 
13.9708 

Coefficients: 

4.2 20.8 
-4. 2 

df 

2 

12 
12.0 

48 

¼ 

1 1 . 6-401 
58.8326 
29.5273 

MS 

246.025 

130.472 
131 .503 

13.971 

Fs p 

1. 871 0. 196 

9.339 0.000 
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TABLE 5, CoNTINUED. 2 LEVEL NESTED ANOVA 

AMERICAN SAMOA DUMP TEST.,...Contro I /Tast.,...Depth.,...Ammon i'a, 

-- AMMoNIA VARIES SIGNIFICANTLY WITH DEPTH CP=O.OOO) 

ANOVA Tobie: 

level ss 

2 14. 162 
(STATIONS) 

1 53.379 
(DEPTHS) 

0 4S.956 
(OTHER) 

Vorlonce Components: 

level var. comp. 

2 0.0684 
1 l .1036 
0 1. 1489 

Tobie of Coefficients: 

2 4.3 17.2 
l -4.3 

df 

2 

9 
9.0 

40 

" 
2.9463 

47.5503 
49.5033 

MS 

7.081 

5.931 
5.903 

l. 149 

JANUARY 1982 

Fs p 

1 .200 0.345 

5. 162 0.000 
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TABLE 5, CONTINUED 2 LEVEL NESTED ANOVA 

AMERICAN SAMOA DUMP~Control/Test-Depth-BOD 

-- BOO 5 VARIES SIGNIFICANTLY WITH STATION CP=0.023) 

ANOVA Table: 

level SS 

2 41 .769 
(STATIONS) 

1 31. 928 
(DEPTH) 

121 
(O~R) 

Variance 

level 

2 
1 
0 

90.313 

Components: 

var. comp. 

1. 0233 
0.2902 
2.3157 

• 

Table of Coefficients: 

2 
1 

4.2 
4.2 

16.9 

df 

2 

9 
9.0 

39 

¼ 

28. 1969 
7.9951 

63.8079 

MS 

20.884 

3.548 
3.548 

2.316 

Fs 

5.886 

1. 532 

SINGLE CLASSIFICATION At-OVA <FIG.RES 13-18) 

BY ITSB...F Tl-£ 2 LEVB...S I\ESTED ANOVA IS INCONCLUSIVE. 

JANUARY 1982 

p 

0.023 

0. 172 

DATA WERE ORGANIZED INTO CoNTROLS, OL.MP STATIONS Al'O POST-OLM=> STATIONS 

FOR SEPARATE PARA'-ETERS. 

Tt-ERE IS SIGNIFICANT VARIATION WITH DEPTH, SO THESE DATA CAI\NJT BE AVERAGED 

BUT CAN BE GROl.PED IN THE ~EE CATEGORIES '-ENTIOl'ED Al'O ANALYZED. 
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I I I. JULY FIELD RESEARCH 

CRUISES 

Field research in July 1982 was undertaken from 18 Julv 

through 28 July, and samples were analyzed for BCiD, DO and NH.~ 
--~' 

in Pago Pago using portable laboratory equipment, hotel fa.c-

ilities, and field assistance from the Marine Resources Center. 

Instead of the expected seasonal Trade Winds, however, a series 

of violent storms from the south passed through, limiting the 

field days. (Lack of Trade Winds in 1982 is associated with the 

large-scale meteorological changes in the Pacific including the 

"El Ni no" current off South Amer· i ca) . Fortunately a complete 

series of measurements and the necessary samples for NH~ analy-
·-' 

sis and incubation for the BOD 5 were obtained on 20 July, 

along with samples to transport to USC for Total Organic Carbon 

(TOC) analysis. The BOD samples were collected, and held in 

icepacks on the boat. They were subsequently diluted to begin 

incubation the same night to reduce potential changes. 

were then read at the same night-time intervals after 

Results 

incuba-

tion of five days. Ammonia and dissolved oxygen were read by 

electronic probe; DO was standardized by Winkler analysis. 

Cruise logs and field and laboratory data for July are presen-

ted in Appendix B. 

On 23 July, two principal tasks were carried out; examina-

tion of DO in surface transects across the plume to look for 

immediate oxygen sag, and examination of plume movement with 

surface, 10m and 20m drogues. Surface drogues alone were 

deployed on 20 July because sampling completion had top 
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priority and multiple sightings consume considerable time with 

sextant and triangulation. The monitoring stations for 20 July 

are shown in Figure 19; Stations for 23 July are plotted in 

Figure 20. Efforts were made to circumscribe the plume in each 

case. 

Movement of Drogues and Plume 

On the direction of the plume was to the 

north (Figure 19), and the shape gradually widened toward 

the coast, perhaps influenced by meeting the outgoing 

flow by 1400 hrs. The south wind ranged from 10-16k, 

tidal 

with 

gusts to 25k. 

plume moved 

Surface drogues tended to blow faster than the 

so that station T, nearest the harbor, where 

surface drogues were last sighted, was well beyond the dissipa-

ting slick. The net speed of the slick was about 0.27k 

(13.9cm/sec), from Station C to N, while that of the drogues 

was about 0.47k (24.2cm/sec), from station C to T. 

On 23 July, the surface platters were deployed 

with drogues which consisted of bleach bottles with sand 

along 

bags 

attached 

Plastic 

and plastic vanes suspended at 10m and 20m depths. 

tubing masts with foil balloons atop were used to 

locate the drogues; the balloons glittered in the sun 

ciently to relocate them fairly easily. The slick 

toward the north and northeast on an incoming tide 

suffi

tended 

(Figure 

20). The winds were low, with 2-6k gusts, and seas calm with a 

long swell out of the south. The surface balloon drogues 
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traveled at 0.22k (11.3cm/secl, from Station 3 to 13, while the 

10m and 20m drogues stayed close together and traveled at about 

0.18k (9.3cm/sec), from stations 3 to 12. 

The red platter drogues, released at 0954 at station TF· 

( 2) ' were found well to the north of the slick after 1530hrs. 

The following day, on a dive on Taema Bank, a red drogue was 

found. There was of course no visible slick associated with 

it. Even though the slick is sometimes visible as a milky blue 

for several hours after the dump, the water quality is not 

measurably different from ambient according to any of the 

parameters measured. Thus BOD or NH_ could not exert a nega-
. .::, 

tive effect. 

Turbidity 

Turbidity increased immediately when dumping 

light transmittance decreased with depth as dumping 

began, and 

continued. 

This is reversed as soon as dumping ceases. Results demonstra-

ting the return to ambient conditions are shown for percent 

1 i ght transmittance (%T) for 20 July 1982 in Figure 21. The 

data from the morning controls were quite high. The surface 

transparency dropped rapidly with the start of dumping, less so 

at 3m, 6m or 10m. Transparency rose rapidly before cessation 

of dumping, but Station I may have been out of the plume or on 

the fringes of it. Thereafter the readings approached those of 

the afternoon control (CS) l e-../el s. 



Ammonia and BOD 5 

The parallel 

July Figure 22, 

46 

between BOD and NH_ is more striking on 
~ 

20 

than it was in January, (Figure 9) largely 

because control site B□Ds were high in January and low in July. 

There were immediate parallel increases in BOD and fol-

lowed by rapid decline before cessation of dumping (center 

vertical line>. Levels were then within the range of morning 

and afternoon control values. 

Dissolved Oxygen 

Dissolved oxygen readings on 20 July were somewhat inco-

sistent with other patterns. Levels dropped below the morning 

controls with the start of dumping. They rose at the end of 

disposal, but, as in Figure 21 for Light Transmittance, Station 

1 may have been on the edge of the slick and the elevation may 

be considered an artifact. Recovery did not appear to begin 

until two hours after the end of dump and had not reached 

ambient afternoon control levels at the end of monitoring. 

It should be emphasized that the dissolved oxygen, while 

showing slight depression, never dropped to levels which might 

inhibit marine life. Dissolved oxygen readings showed a quick 

depression on 23 July, (Figure 26) with rapid recovery to 

afternoon control levels. Most test and afternoon control 

levels did not approach the morning control levels. 

Water Transparency and Color 

The inverse trends seen in January (Figure 1 1 > between 
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Secchi disc measurement of light penetration and color as 

judged by the Forel-Ule scale were apparent in July. However, 

there were unexpected differences between the results for the 

two days monitored. On 20 July (Figure 27) it was very windy 

and good dispersal would be expected, but transparency did not 

return to ambient control levels in 2 hr 25m after dumpimg 

stopped. However, on 23 July some transparency measurements 

returned to ambient levels within an hour after dumping stopped 

(Figure 28), even though the day was much more calm 

logs, Appendix B> but there was a pronounced swell. 

(See field 

The Forel-Ule <FU) color changes differed as well, ranging 

from FU 1 (cobalt blue) at morning controls to FU 3 (blue) at 

afternoon controls on 20 July. The dump caused increases to FU 

8 (brownish green), but returned to FU 3 when dumping ended. 

On 23 July, morning and afternoon control site color was FU 1, 

and dumping caused an increase to FU 6. After dumping, the 

color returned to a range of FU1-FU3 at station 10. The disper-

sion of the slick can be quite irregular and patchy even when 

the wind is not strong. 

Total Organic Carbon 

The measurement of total organic carbon <TDC> has been 

made in southern California and Samoa, but, thus far, none of 

the data have produced statistically significant correlations. 

The problem seems to be due principally to suspended fine 

particulates which may unduly skew the counts in the sealed 
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ampules. Tests of homogenous wastes, or of fluids with soluble 

car·bons, produce good test results. Transport by air of sam-

ples from Samoa, with associated temperature and pressure chan-

ges, may be causing some materials to precipitate out. 

tion of samples has been tested, but this may remove relevant 

Further examination of the problems associated i.,Ji th 

using TOC measurements is more appropriate to the southern 

California monitoring, which does not entail such transport and 

consequent variation in conditions. 

(4t present, the turbidity and ammonia patterns seem to be 

thE• 

TDC. 

more consistent and reliable tracers for the plume 

Computer Analysis, July 1982. 

The 20 July sampling produced a very complete set of 

and, hence, balanced matrix for computer analysis. 

than 

data 

There 

were six sample depths for tempE•r ature, salinity, dissolved 

o:-: ygen, pH and percent light transmittance ,:3.nd four 

sample depths for ammonia and BOD 5. Thus multivariate anal-

ysis was done as two separate matrices; Table 6 is the physical 

matri :-: for all depths, and Table 7 is the abiotic matrix for 

four depths. 

There were many significant correlations prior to rotation 

(greater then 2.0, P=O. 05). Figure 29 illustrates the parame-

ters after rotation which show four significant factors. 

Factor 1, dominated by depth, salinity and %T with minor comp □-
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nents from DO and pH, accounts for 37 percent of the variation. 

Factor 2 was dominated by time, with some temperature and DCl ~ 

Factor 3 was a combination of pH and temperature, and Factor 4 

primarily temperature. Parallel vectors indicate dirt=ct 

cor-r·elations, while vectors in opposing directions 

inverse relationships. Perpendicularly-directed vectors 

assumed not to be related. 

In the abiotic matri>:, ammonia and BOD 5 were closely 

correlated (Figure 30). Prior to rotation, par·ameters were 

significantly correlated if greater than 0.23 (P=0.05). After 

r·otation, Factor· 1, composed of Ammonia and BOD 5 junc:tioned 

together, independent of time and depth in this analysis. The 

to tl-'JO parameters, acting together or independently, appear 

distinguish between test sites and control sites. 

Percent light transmittance (Figure 32) was treated some-

what differently from January data in the 20 July analysis, 

since there were 6 depths at 18 stations to consider in July. 

Data were averaged through depth at each station (center verti-

cal line of bar). The increase in turbidity due to the plume 

during dumping (TS 1 through TS 6) is quite apparent, as is the 

return of the transparency in the plume to ambient conditions 

for the typical of the afternoon conditions, as shown at con-

trol south (CS). Transparency levels did not reach those of 

the morning controls (CN and TP 1). 

cant, (P=O. 018). 

Differences were signifi-

Differences in ammonia on 20 July were highly significant 
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( F'=O. 001) and showed increasing concentrations during dumpi.nq 

ffi gure 33) Levels returned to the range of control north CCN 

1) but means did not quite return to TP 1 and CS 1 mean concen-

tr·aticms. The latter differences would not 

because of overlap. 

The BOD = ,.J on 20 July 1982 (Figure .. ::,'+) 

signif:icant differ·ences (P=0.001) between the 

be significant 

showed highly 

levels 

dumping and those during post-dumping. The rapid decrease to 

control levels is perhaps surprising~ but the means (center 

vertical bz.u-s) at control sites exceed those at some of the 

post-dump sites, limiting the statistical significance. 

BOD 5 values in July are considered to be more representa-

tive of conditions than are the January values; July samples 

were processed i mmedi atel . ..,., 1n American Samoa in the hotel 

"laboratory", whereas the January samples were fixed in stan-

dard procedures and shipped back to southern California. Re-

sults in July were more consistent, and the immediate proces-

sing may have made the difference between a BOD 5 range up to 

about 18 mg/1 in July and 9 mg/1 in January, since the L.oJastes 

should have been similar. 

Dissolved oxygen levels (Figure 35, 36) showed significant 

differences in both 20 July and 23 July, in contrast to non-

significant differences in January (Figure 18). The degre•e of 

overlap of 2 standard errors determines the significance, but 

even in data without statistical significance it is obvious in 

all cases that dumping causes an immediate depression of DO. 
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However, DO depression is not serious since it has not dee-

reased below about 5.5 ppm, which is considered by regulatory 

agencies to be a more than adequate for marine life. Recovery 

of DO to the levels of morning controls after cessation of 

dumping was not seen, but recovery did approach afternoon 

control DO ranges at several stations on each occasion. 

The transitory nature of DO depressions, and the rela-

tively minor amounts measured, suggest that the oxygen demand 

of the dispersing plume would not impact the shoreline if it 

were to reach there within 1-2 hours after dumping. 

Patterns for salinity differed on the two July dates; 

differences were not significant on 20 July but were statisti-

cally significant on 23 July. Strangely, salinity appeared to 

(34.12-34.25 ppth) at control north on 20 July be highest 

(Figure 37), but lowest (34.22-34.3 ppth) at control north on 

23 July (Figure 38), in comparison with the dumped material. 

This creates the visual impression that the controls differed 

according to the two figures, when in fact the salinity of the 

wastes was higher on 23 July than on 20 July. The salini-

ties measured probably do not vary sufficiently to create any 

impact or influence on pelagic species. 
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Figure 19. Waste Plume (dotted Circles), Monitoring Stations and 
Drogue Movements, 20 July 1982. (Southwind, 10-16k, 
low tide 1255, -0.5ft). 
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Figure 20. Waste Plume (dotted Circles), Monitoring Stations and 
Drogue Movements, 23 July 1982. (Southwind, 0-6k; 
low tide 1530,-0.5ft). 
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FIGLRE 21. PERCENT LIGHT TRANSMITTANCE, (%Tl. 20 Ju._y 1983 

TRANSPARENCY WAS GREATER AT DEPTHS IN CONTROL STATIONS IN JULY 
THAN IT WAS IN JANUARY CFIGLRES 5, 6 AND 7). THIS MAY HAVE BEEN 
DLE TO THE STRONG SOUTH WINDS THAT PREVAILED DURING THE SAl\oPLING PERIOD. 
Tl-£ SURFACE TRANSPARENCY DROPPED MUCH t-ORE RADICALLY AT TI-E BEGINNING 
OF THE JLLY 20 DLM>, BUT RECOVERED TO PM CONTROL(CSl VALLES IN LESS 
THAN 2 HOLRS. STATION 1 MAY HAVE BEEN IN LESS Tl.RBID PATCH OF SLICK, 
INDICATING MORE RAPID RECOVERY THAN EXPECTED. 
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FIGURE 22. COMPARISON OFSURFACE AMMONIA CNH
3

) AND BOD 5, 20 JULY 1982. 

THE COINCIDEI\K:E OF LEVELS OF AMMONIA AND BOD IN AM CONTROLS Ar--D 
THE PARALLEL IN INCREASE, DECREASE AND STABILIZATION Ir--DICATE THAT 
AMMONIA IS AS VALID A PARAMETER AS B00 5 TO TRACK, AND MUCH LESS 
EXPENSIVE TO PERFORM. (1 ug.at NH3/l,= 0.017mg NH3/l) 
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FIGLRE 23. DISSOLVED OXYGEN PROFILE, 20 JLLY 1982. 

DECREASE IN DISSOLVED OXYGEN (00 IN PPM) FOLLOWED DUMPING FROM 
1106 (STA. C) THROUGH 1202 CH). EXCEPT FOR STATION I, WHICH MAY HAVE 
BEEN IN LESS TURBID PATCHY AREA, DOS DID NOT RETLRN TO THE AMBIENT 
LEVELS OF THE PM CONTROLS (CS). 
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FIGLRE 24. DISSOLVED OXYGEN PROFILE, 23 Ju_y 1983. 

DISSOLVED OXYGEN (00 IN PPM), MEASURED WITH MARTEK REMOTE ELEC
TRONIC PROBE, WAS HIGH AT AM CONTRCL STATIONS. OLJr,,PING STARTED AT 1033 
SO THAT SURFACE VALUES WERE LOW AT 1056, BUT RECOVERED SUBSTANTIALLY 
PRIOR TO CESSATION OF DlJ.F>ING AT 1149. LEVELS APPROACHED THE PM 
CONTROLS AFTER 35 MIN. 



58 

1000 1117 1202 1215 1330 1401 1413 1440 
CN TP C D E H I cs N 0 a 

0.4 

0.35 

E 
0. 0.3 0. 

8 0.25 
a. 
'-.... 
C 
0 0.2 
0 

I 

8 0.15 

C 
0 
~ 0.1 0 .... 
V) 

0.05 

0 
-140 -100 -60 -20 20 60 100 140 

Time minutes 

FIG~E 25, OXYGEN SAG, 20 JULY 1982. 

RATIO OF DISSOLVED OXYGEN AT SURFACE OF PLLJrJE TO AIVBIENT OXYGEN 
LEVELS AT CONTROL SITES. OXYGEN DROPPED AS DUMPING PROCEEDED BUT RE
COVERY STARTED IMMEDIATELY AFTER DUMPING STOPPED AND APPROACHED AIVBIENT 
BY THE END OF THE MONITORING. PERIOD. 
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FIGURE 26. SURFACE DISSOLVED OXYGEN, 23 JULY 1982. 

COMPARISON OF DISSOLVED OXYGEN LEVELS IN TRANSECTS SURFACE AT TWO 
STATIONS, TS-8 AND TS-0 (STATIONS 5 AND 6 RESPECTIVELY ON MAP, FIGLRE 20). 
LEVELS DECREASED IRREGULARLY ACROSS THE PLUME AND RECOVERED BETWEEN 2-4 
MINUTES. 
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FIGL>RE 27. WATER TRANSPARENCY MEASURED BY SECCHI DISC AS COMPARED WITH COLOR 
MEASL>RED BY FOREL-ULE SCALE, 20 JULY 1982. 

80TH VALUES ARE MEASURED VISUALLY AND ARE THUS Sl.EJECTIVE. THERE 
WAS AN INVERSE RELATIONSHIP FROM THE BEGINNING OF DUMPING CC) AND CLOSE 
TO THAT AFTER CESSATION OF DUMPING (CENTER VERTICAL LINE). SECCHI DISC 
VALUES DID NOT RETL>RN TO AM OR PM CONTROL LEVELS, BUT FOREL-ULE NUMBERS 
DID. THE PATTERN DURING DUMPING DIFFERED FROM THAT OF 20 JANUARY (FIGURE 
11), PROBABLY DUE TO DIFFERENCES IN SAMPLING SEQUENCE. 
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E 
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1 + + 
0 
-140 -120 -100 -BO -60 -40 -20 0 20 40 eo 

Time - minute• 
□ Secchl depth - m + Forel-Ule number 

FIGURE 28. WATER TRANSPARENCY MEASURED BY 5ECCHI DISC AS COMPARED WITH COLOR 
MEASURED BY FOREL-ULE ScALE, 23 JULY 1982. 

THE INVERSE RELANTIONSHIP SEEN PREVIOUSLY (FIGURE 11, 27) DURING A"° 
AFTER Dl.f.PING (STATIONS 04-10), AS COI\IFARED TO AM A"° PM CONTROLS. THE 
CHANGES BETWEEN THE FIRST A"° SECO"° MEASUREMENTS AT STATION 10 REPRESENT 
THE Uf'EVEN DISPERSAL OF THE SLICK. 



FACTORS 1 AND 2 

DO 

~~·:r Depl:h 

Sal ini l:y 

pH eral:ure 

Time 

FACTORS 1 Al'O 3 

Te111peral:ur• 

¾T 

FACTORS 1 AND 4 

Sal inlt.y 

Time 
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FACTORS 2 AND 3 

Temper a iur • 

Tim• 

pH 

FACTORS 2 AND 4 

Temperature 

Time 

FIGLRE 29. PRINCIPAL COMPONENT ANALYSIS (PCA), 20 JUL..Y 1982. 

·n; t.y 
DO 

DO 

FACTOR 1 INCLUDES DEPTH, SALINITY, XT, DO AND PH. FACTOR 2 INCLUDES 
TI~. TEMPERATURE AND DO. FACTOR 3 IS PH N~D TEfwFERATLRE. AND FACTOR 4 
IS TE~'PERA TURE. PARALLEL VECTORS ARE CORRELA TED, OPPOSITE VECTORS ARE 
INVERSELY RELATED, AND PERPE1'0ICLLAR VECTORS AqE UNRELATED. 
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FACTORS 2 AND 3 

Time~ 

FIGLRE 30. PCA, ABIOTIC MARTIX, 20 JLLY 1982, 

Daplh 

FACTOR 1 IS AMMJNIA AND BOD., FACTOR 2 IS AN APPARENT RELATIONSHIP 
BETWEEN TIME AND DEPTH, AND FACTOR 3 IS A COP43INATION OF OTHER FACTORS. 
AMMONIA AND BOD HAVE A VERY STRONG RELATIONSHIP, INDEPENDENT OF Til'JE OR 
DEPTH, AND EACH HAS A PRCEABLE RELATION TO SITE. 



64 

FACTORS 1 AND 2 

FACTORS 1 AND 3 

FIG~E 31. PCA, ABIOTIC MARTIX, 23 JLLY 1982. 

FACTORS 2 AND 3 

Sol in i ty 

Temp 

---
0 

pH 

Dept.h 

FACTOR 1 IS OOMINATED BY TI~-E, SALINTTY, PH AND DO (AN INVERSE 
RELATIONSHIP. FACTOR 2 IS A TEMPERATURE-DEPTH RELATIONSHIB, AND 
FACTOR 3 IS MJSTLY SALINITY. FACTOR 1 PAR~TERS APPEAR LJ-.iRELATED TO 
FACTOR 2 PARAl'ETERS (VECTORS ARE ORTt-OGONALLY DIRECTED). 
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• 

• 

Right, Main Street of Fagatogo t.Jith Sports 

Parade and Loaal Traaffia; Land Disposal 

Trtuok fo~ Fish Wastes Used This Route also. 

I 
' . 

' 
Left, View of Saenia Shoreiine fltom 

' I 

SW of Pago Pago Harbor, Looking ' Tc,- .: 

IJal'd Fatu Rook and Harbor Entranae, 

Shallows are E:r:posed at IJOW Tides 

to Harvest Shellfish and Muat Be 

Prtoteated fr'om Pollution by choiae 

of Oaean Disposal Looation. 

Fish Prtooessing Plants 

at Base of Alava Mt., 

Bottom, in Pago Pago 

Harbor aaros~ fr'om 

Fagatogo, oonneated by 

Narrow Roadway • Cargo 

Doak is in Upper Center, 

Fuei Doak, Convention 

Center and Hotel, Upper 

Left Psninsula. 

;t I 

I ' 
I 
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!' 

' 
View of Inner Pago Pago Harbor Toward Weet; 

' 
from CabZe Car; Canneries BeZow, LoWe1' tef:t ,: 

of PiatUPe (Left). 

BeZow, View f1'om CabZe Car Te1'minaZ on AZava 

Mt., Toward Southeas.t. FueZ Tank.el' at Doak by 
I 

Rai~ke1' HoteZ in Cente1'; UtuZei Bay ·and 

TuZutuZa pt,, U1'ban and Reo1'eationaZ A1'eas • 

Left, Oute1' Pago Pago 

Harbor fr'om CabZe Cal' 

Terminus, View Toward 

B1'eakl:t1'B pt • Dwrrps i te 

at Sea, Uppe1' Riqht. 
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• 

Right, the OMR vessel 

Sausauimoana, used in 

Initial Survey for 

Congressional Cormritt-

ee Demonstration in 

Rainy Season. Note 

mud, whiah washes into 

bays and harbor. 

I 

I . 

' Tuna Superseiner in 'Pago 

Pago Harbor; HeZiao~t ~r • 
,• 

is on Deak Amidship. 

Governor's Residenae is 

on Hill Above Ship (Left). 

Below, the AuteZe,' at the 

Offiae of Ma'Pine ResoUPaes, 

Ameriaan Samoa. Vessel 

was used in Oaean DisposaZ 

Investigations . 



Dump Vessel Misimoa Begins Disposal of Wastes 

Tutuila Island, American Samoa; Note Turbid Wake 

Dr . Richa.rd Wass of the Marine Re

sources Office, Pagp Pago Taking 

Positions with Sextant (above). 

Right, Misimoa Circling to Dump . 

.• 

Making Water Quality Measurements 

with Electronic Probes in Wake 

' ' ' ' I 



Above, and R1'ght, Surface 

Drogues to Traak Movement 

of Plume During and after 

Waste Disposa t . 

Nnte Patahiness of Light

aoZored Waste Above. 

Persistence of PZume 

Varies Aaaording to Wind 

and Weather . 

The Dwnp Vesse Z Misimoa after: 

Compteting Disposat, Note : the 

Contrast of Light Btue-grsen · 

Ptume !Jith Deep-btue Waters. 

Depth is OVer 1600 Meters at 

Dwnpsite Center, about 71:tree 

NautiaaZ MiZes from Shore. . . 
BelOIJJ, Drogues with Foil Re

f1,eators to Traak Surfaae, 10 

and 20 Meter Currents. 

.• 

' ' I 



Above, Analyzing Arrvnonia Samples 

in Hotel "Laboratory". Right, 

Star-Kist Foods Chemical arid 

Quality Control Labora.tory. 

Sampling in Fish Waste Disp;sal 'PliJme 

(Left ) , CoUecting Wate; for Later, ,. 
Chemica l Analyses in Laboratories in 

' American Samoa and at the Univer sity 

of Southern California . BelOlJJ, 

Analyzing Dissol ved Oxygen i n :Hotel 

"Labora.tory ". 

y 

' ' I 
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~N=6 

N= 
CN 

20 40 60 80 100 
FIGURE 32. PERCENT LIGHT TRANSMITTANCE, 20 JLLY 1982. C%T) 

* The difference is significant (by onova, P= 0 018) 
Range & mean! 2 S.E. ore shown. 
Homogeneity of variances requirement realized 
with arcsine lransformalion. CC=0.2910). 
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TS 15 ' N=4 
TS 14 Ii I ! I 
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I I N,=14 

TS 12 
~=4 

TS 1 I 
~=4 

TS 10 Ii 
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! I 
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TS 8 
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~=4 

STOP DUMP I N=4 
TS 6 II !l 

TS 5 
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N=4 

l 
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TS 3 I I I N=4 

I N=4 
TS 2 

START DUMP-TS II I N=4 
I I 

TP 
~=4 

CN 11 
I N=4, 

0 5 10 15 20 25 30 
FIGURE 33. A~MJNIA, 20 JU.Y 1982. (µg-at/Z = 0.17mg NH3/Z) 

* The difference is significant (by anova; P< 0.001). 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
with logarithmic transformation. CC=0.2748). 
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EP=4 
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1 TS 3 I I I N=4 

TS 2 
I N=4 

START Dl..W- TS I I IN=4 11 

TP 
~=4 

CN 1 ~4 

0 5 10 15 20 
FIGLJRE 34. BOO (mg/l), 20 JL.LY 1982. 

~ The difference is significant (by anova, P< 0.001). 
Range & mean! 2 S.E. ore shown. 
Homogeneity of variances requirement realized 
with logarithmic transformation. CC=0.29$4). 
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TS 15 rtf3 
TS 14 

~=6 

TS 13 I! I ~=,6 

TS 12 
~=6 

TS 1 1 
~=6 

TS 10 ~6 

cs I I I N=6 
I I 

TS g ~=6 

TS 8 
~=6 

TS 7 I I I N=6 I I 
STOP DUMP 

+N=6 
TS 6 

TS 5 " l ~=,6 

l 
TS 4 8 I N=6 

I 

TS 3 
I N=6 

I I 

~=6 TS 2 I I 

Sr ART DUMP-Ts " l ~=,6 

TP 
,N=6 

CN I N=f 

5.6 5.8 6 6.2 6.4 6.6 6.8 7 
FIG~ 35. DISSOLVED OXYGEN (mg/Z), 20 JU....Y 1982. 

* The difference is significant (by anova, P< 0.001). 
Range & mean! 2 S.E. are shown. 
Dalo processed wilhoul lransformalion. 



cs 

TS J 

TS H 

TS G 

TS F 
STOP DLW 

TSE 

l 
TS C 

TS A 

START DUMP 

TP 

CN A 

5.5 
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~=6 

~=6 

~=6 

~=6 

~N=6 

Ii 

6 6.5 7 
FIGl..RE 36. DISSOLVED OXYGEN (mg/Z), 23 JU..Y 1982, 

7.5 

* The difference is significant (by anovaJ P< 0.001). 
Range & mean! 2 S.E. are shown. 
Data processed without transformation. 
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TS 15 1Ef3=1 
TS 14 I 

N=6 
: I I 

TS 13 
~=6 

TS 12 I 
N=6 

: II 

TS 1 1 I 
~=6 

I I : I I 

TS 10 ~=6 

cs I 
N=6 

: I I 

TS 9 I 
N=6 

: I I 

TS 8 

TS 7 : I I 
STOP DUMP I 

N=6 

I 
N=6 

TS 6 : ! I 

TS 5 I 
N=6 

: • 

1 
TS 4 

TS 3 

TS 2 

I N=6 II 

I N=6 II 

I 
N=6 

: I I 

Sr ART DUMP-Ts I 
N=6 

: ii 

TP I 
N=6 

: II 

CN 
34 34.05 34. 1 34. 15 34.2 34.25 

FIGURE 37. SALINITY (pp th), 20 JLLY 1982 

* The difference is not significant (by anova, P= 0.788). 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
with arcsine transformation. CC=0. 1992). 
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cs 

TS J 

TS H 

TS G 

TS F 

TS E 

TS C 

TS A 

TP 

CN A 

34 . 22 34 . 24 34. 26 34. 28 34 . 3 34. 32 34 . 34 34. 36 
F!Gl.lE 38. SALINTTY(pp th), 23 Ju..Y 1982. 

* The difference is significont (by anova, P< 0.001). 
Range & mean! 2 S.E. are shown. 
Homogeneity of variances requirement realized 
without transformation. CC=0.2492). 



TAOLE 6 

7 variables: 
1 Deplh 
2 - Time 
3 Temperature 
4 Sa I in i t.y 
5 DO 
6 pH 
7 ¼T 

72 

PRINCIPAL COMPONENT ANALYSIS 

PHYSICAL MATRIX 

108 sels of observations. 

20 JI.LY 1982 

Variable correlation matrix CR): CORRELATION > 0,20 IS SIGNIFICANT CP=o.os). 

1 2 3 4 5 6 7 
1 . l. 00 0 00 0.07 0.59 -0.36 -0 38 0.46 
2 0.00 1 .00 0. 19 0. 15 -0.46 0.28 0.10 
3 0.07 0. 19 1. 00 -0.02 -0. 17 0.07 -0.05 
4 0.59 0. 15 -0.02 1. 00 -0.30 -0.33 0.77 
5 -0.36 -0.46 -0. 17 -0.30 1 .00 0.21 -0. 12 
6 -0.38 0.28 0.07 -0.33 0.21 1. 00 -0. 11 
7 0 46 0. 10 -0.05 0.77 -0. 12 -0. 1 t 1. 00 

Determinanl of R = 0. 1023' 
For Spericity test, Chi-square= 236.740, df = 21 

t.igenvectors (axis loadings.) 
-faclors are columns, variables are rows-

1 2 3 4 
1 0.50 0. 10 0. 17 0. 11 
2 0. 13 -0.68 -0. 19 -0.27 
3 0.04 -0.42 0.38 0 81 
4 0.56 0.08 -0.24 0.07 
5 -0 34 0.42 -0.36 0.43 
6 -0.29 -0.39 -0.59 0. 16 
7 0.47 0.09 -0.50 0.21 

V'V= 

1. 00 0.00 0.00 0 00 
0.00 1 00 0.00 0.00 
0.00 0.00 1. 00 0.00 
0.00 0.00 0.00 t .00 
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TABLE 6 CONTINLED page 2 of 2 

Eigen-
Factor value ¼ Cum¼ df 

1 2.S60 37 37 21 
2 1. 536 22 59 15 
3 1. 066 15 74 10 
4 0.854 12 86 6 

Factor Pat tern (factor-variable correlations) 
-factors are columns, variables are ro1.1G:-

1 2 3 4 
1 0.80 0. 13 0. 18 0. 10 
2 0.22 -0.84 -0.20 -0.25 
3 0.07 -0.52 0 39 0.75 
4 0.89 0. 10 -0.25 0.07 
5 -0 54 0.53 -0.38 0.40 
6 -0.46 -0.48 -0.61 0. 15 
7 0.76 0.12 -0.51 0.20 

Factor Score Coefficients 

1 
2 
3 
4 
s 
6 
7 

-factors are columns, variables are rows-

1 
0.31 
0 08 
0 03 
0.35 

-0.21 
-0. 18 
0.30 

2 
0.08 

-0.SS 
-0.34 

0.06 
0.34 

-0.31 
0.08 

3 
0. 17 

-0. 19 
0.37 

-0.23 
-0.35 
-0.57 
-0.48 

4 
0. 12 

-0.30 
0.87 
0.08 
0.46 
0. 18 
0.23 

End of Analysis 

20 JULY 1982 

Chi-
square 

236.740 
145.816 
95.549 
61. 299 
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TABLE 7 PRINCIPAL COMPONENT ANALYSIS 

ABIOTIC MATRIX 

4 variables: 
1 - Deplh 
2 - Time 
3 - Ammonia 
4 - BOD 

72 sels of observalions. 

Variable correlation matrix CR): 

1 2 3 4 
1 1. 00 0.00 -0.25 -0.30 
2 0.00 1. 00 -0.34 -0.36 
3 -0.25 -0.34 1 .00 0.90 
4 -0.30 -0.36 0 90 1 .00 

Determinonl of R = 0. 1448 
For Speric1ty test, Chi-square= 133.008, df = 6 

Eigenvectors (axis loadings) 
-factors are columns, variables ore rows-

1 
2 
3 
4 

1 
0.28 
0.36 

-0.62 
-0.63 

V'V= 

1 .00 
0.00 
0.00 

2 
0.78 

-0.62 
0.02 

-0.02 

0.00 
1 .00 
0.00 

3 
0.55 
0.70 
0.36 
0.29 

0.00 
0.00 
1. 00 

20 ju_y 1982 
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TABLE 7 CONTINLED oage 2 of 2 

Eigen-
Fact.or value ¾ Cum¾ df 

1 2. 223 56 56 6 
2 1 .000 25 81 3 
3 0. 681 17 98 1 

Fact.or Pot.tern (fact.or-variable correlations) 
-fact.ors ore columns, variables ore rows-

1 2 3 
1 0. 42 0. 78 0. 45 
2 0 53 -0 .62 0 .58 
3 -0. 93 0.02 0.30 
4 -0. 95 -0.02 0.24 

Fact.or Score Coefficients 

1 
2 
3 
4 

-fact.ors ore columns, variables are rows-

1 
0. 19 
0.24 

-0.42 
-0 43 

2 
0.78 

-0.62 
0.02 

-0.02 

3 
0.67 
0.84 
0.43 
0 35 

End of Analysis 

20 JULY 1982 

Chi-
square 

133.008 
79. 105 
56.707 
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TABLE 8 PRINCIPAL COMPONENT ANALYSIS 

A8IOTIC MATRIX 

6 variables: 
1 - Depth 
2 Time 
3 Temp 
4 Sal in i ty 
5 DO 
6 pH 

60 sets of observations. 

Variable correlation matrix CR): 

1 2 3 4 
1 I .00 0.00 -0.54 0. 12 
2 0.00 1 .00 0.27 0.25 
3 -0.54 0.27 1 .00 0.02 
4 0. 12 0.25 0.02 1. 00 
5 -0.09 -0.64 -0. 17 -0.50 
6 0 45 0.64 -0.22 0.22 

Determinant of R = 0.0826 
For Sper i city test, Chi-square = 

Eigenvectors (axis loadings) 

CR> 0.25 FOR 

5 6 
-0.09 0.45 
-0.64 0.64 
-0. 17 -0.22 
-0.50 0.22 

1. 00 -0.28 
-0.28 1 .00 

140.068, df 

-factors ore columns, variables are rows-

1 
2 
3 
4 
5 
6 

1 
0.22 
0.54 
0.01 
0.39 

-0.51 
0.49 

V'V= 

1 .00 
0.00 
0.00 

2 
0.61 

-0.23 
-0.67 
-0.07 
0.22 
0.27 

0.00 
1 .00 
0.00 

3 
0.07 

-0.40 
-0. 14 
0.75 

-0.25 
-0.44 

0.00 
0.00 
1. 00 

P=0 .05). 

== 15 

23 JLLY 1982 
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TABLE 8 CONT!NLED page 2 of 2 

Eigen-
Factor value ¾ Cum¾ df 

1 2.366 39 39 15 
2 1. 738 29 68 10 
3 0.915 15 84 6 

Factor Pattern (factor-variable correlations) 
-factors are columns, variable~ are row~-

1 2 3 
1 0 35 0. 81 0.06 
2 0.84 -0. 30 -0.38 
3 0.02 -0. 88 -0. 13 
4 0.60 -0.09 0.72 
5 -0.79 0.29 -0.24 
6 0.76 0.36 -G.42 

Factor Score Coefficients 
-factors are columns, variables are row~-

1 2 3 
1 0. 15 0. 47 0.07 
2 0. 35 -0. 17 -0.42 
3 0. 01 -0.51 -0. 15 
4 0. 25 -0.05 0.78 
5 -0.33 0. 17 -0.26 
6 0.32 0 21 -0.46 

End of Analysis 

23 JULY 1982 

Chi-
square 

140.068 
97.674 
50.543 
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IV. FGTE OF THE WASTES 

Physical th f.·,' L-,Ja st 02 
•••••u••••••••-•• .. •• .. •••• .. ••••••••••••-••••••••-•-••• 

In order to examine the potential behaviour of the wastes 

i.n thE? field, a column 14 feet high with a .··-, ,:::· 
~ ... _J i nc:h i nne1'· 

diameter m c:m) con s:;tr· uc t ed at th1::.> USC 

laboratoriE·s, TE'2r··minal. .[~;J.3nd 1, The column was filled with 

seawater and aliquots of 200 ml of 33 percent sludge and 67 

percent filtered seawater were added near the surface with a 

syr·inge. Sa,mp 1 es were taken at various depths in the column 

through syringe ports or from 3 sediment cup at the base of the 

column in a 30 minute test or a 120 minute test. 

The column trJa~; obsE:,rvE?d to S•:'2par-ate into three 

distinct ::.cm(~:==-:i a surface zone of floating material, i::\ mi;< i ng 

::one with high turbidity. and a clear ::one through which dis-

crete particles could be seen sinking toward the bottom. Thf2 

clear ::one was the largest layer, comprising about 75 percent 

c:,f the water- column. This fits viel 1 the observed 

turbidity patterns in the field. The surface ::one of floati.1--19 

material was about 3.0 cm thick. 

Samples of known volumes were withdrawn through the ports 

at various depths in the column, f i 1 ter·ed and the captured 

solids were oven-dried and weighed. ~,Jeights for each layer 

calculated based □n volume, and the proportion of total 

material in each zone determined. 
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the end of 30 minutes, t-: he, 

material was in the surface layer, and □nlv 0.5 

the bottom sediment cup. In the 120 minute test, 72.3 per-cent 

of thf2 recovered material was in the surface -:::\nCJ /" 1 

in the sediment cup, with the remainder- 1n 

mixing and clear zones. 

samp 1 ,2s were taken for- ammonia analysis fr-om 

ports at various depths. These showed that 97.9 per-cent of the 

ammun i c\ was in the surface layer in the 30 minute 

test, but only 61.1 percent was found in the surface after- 120 

minut,"=:s. In both Ci:E;es, the clear layer showed less that 1.0 

pE,r-cent 

mi;: i ng 

of the recovered ammonia and the balance was in the 

fhe tests indicated that less than 10 per-cent 

of the mater-ial sank in l?n minutes. Wh i 1 f? diffus;es 

into the water column aver time. tht·? hic:ihest 

still remains in or near the surface waters, as it did in the 

field, or passes into the atmospher-e. 

A waste field test in southern California us;i ng r·E,mote--

closing Niskin bottles with ammonia samplers attached was car-

r·i ed out on 16 Apr·il 1982. Bottles were rigged to sample at 

10 m and 20 meters and the ar-ray weighted to drift 

bottom. The net accumulation of particulates was 

along 

calcu-

lated to be 2.9 mg/1 at 3m, U. ~i mg/ 1 a. t 1 Om, and 0.26 rng/1 at 

20 m. The 20 m value repr-esented about 8.9 percent of the 3 rn 

\/alue. 
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~~.Qi=Cific Ur·avity Tes:t§. 

recently 1n January 1983, 

out on freshly collected sludge from Star-Kist Plants One 

Four- at Terminal Island to determine the specific gravity 

behavior of the flotable component. It was hypothesized 

residual bubbles in freshly collected sludge might unduly skew 

flotation column tests. Sludge aliquots were added to 1000 mls 

of distilled water in a 2 liter vacuum flask. The rni>:ture was 

agi tat.E:•d 

Samples 

du,,·inq 

by magnetic stirrer while under vacuum aspiration. 

were siphoned off sequentially into centrifuge tubes 

successive 10 gm additionc=,; of "Ins;tant Ocean" salts to 

precipitate out potential settleable solids. The samples were 

centrifuged for 20 minutes at 2000 rpm at 1a
0

c, and cooled in a 

desicator prior to weighing. 

l_ i quid in the centrifuge tubes was also decanted and its; 

specific gravity measured. Settled material was triple-washed 

with distilled water and recentrifuged and placed in beakt:~r s 

for oven dr-yi ng. 

Nothing precipitatF2d out Hith ''In~;tant Oc:ean'' over· a ,,-dng£-? 

of salinities bracketing those of seawater, so that the concen-

tration of dissolved material remained constant. It ~'-las thus 

possible to calculate the percentage (by dry weight> 

total floatinc) material versus the specific 

liquid in which it was found (Figure 39). 

It \-\JOU 1 d be expected that, as specific gravity 

of 

of 

of 

the 

the 

the 
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1 i quid (salinity) increases, the amount of floating mater· 1 al 

The small amount of floating material at anv 

of the specific gravities was supris1nq, based on the earlier 

tests of sludge which had not been deaerated. It. WDU l d 

then, that fresh aerated sludge differs from that which has 

been held in storage tanks. The anaerobic conditions of th 12 

holding tanks could cause gas bubbles to be trapped as well, 

if wastes are held in the tank for several hours, but these 

would dissipate upon dumping. 

As shown in Figure 39, only about 1 percent by dry weight 

of sludge dumped into seawater (Spg 1.0214-1.0283) floats. 

Approximately 7 to 8 percent of the sludge dissolved. The 

vast majority of the sludge (up to 90 percent) would sink even 

though it was dispersed by movement of the water column. 

The sinking rate would depend on whether air bubbles from 

the DAF treatment were depleted in the holding tanks prior to 

dumping, or· were depleted naturally after the material was 

dumped and exposed to air and sunlight. This would account for 

the varied sinking profiles which were monitored by measuring 

turbidity (percent light transmittance). 
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FIGLRE 39. Tl-£ PERCENTAGE OF WASTES WHICH FLOAT IN LIQUIDS OF VARIOUS 
SPECIFIC GRAVITIES. SEAWATER FALLS WITHIN THE RANGE OF 
1.0214 ~\.G-1 1.0283. 
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VI. FEDERAL REGULATORY COMPLIANCE 

The Final Revisions of Regulations and Criteria □ n 0 C (-:-? ,:ii n 

Resea1··c:h and Sanctuaries Act (92-532) of 

require that specific information be furnished to enable the 

,?.valuaticJn (- .J:. ..JI proposed ocean disposal. This section of the 

repm··t lists the portions of the Regulations relevant to thE~ 

permit application for ocean disposal of fish processing wastes 

from facilities of St c:1.r· ---~:: i 5 t ::3amoa a.ncl '•./Etn Camp '.-3eaf ood ,, 

Division of Ralston Purina Co., and summari=es the necessary 

i. nf ur··mat i un, Hi.th cross references to the main body of the 

report as appropriate. 

THE NATURE OF THE MATERIAL TD BE DUMPED (part 221) 

a. ,~pplicant.s: 

Star-Kist Samoa lnc. 
~582 Tuna Stx E~et 
Ter··mir·,al Island, 
Cali for·ni a 90T:?:1 

Van Camp Seafood, Division 
of Ralston Purina Co. 
11555 Sorrento Valley Rd. 
San Diego, CA 92121 

b. Transporter of materials ... : 

C" 

P,r,thony :3teffany 
Inter Island Transport 
Pago Pago, American Samoa 96799 ..... or any other 
person owning or operating a vessel employed for the 
purpose authorized. 

The M. '-.J. ljj_s i moa i ,;:; 
beam and a mean draft 
12V71 Detroit deisel 

125ft. lcmq, 
of 4ft 6in. 

with a 24ft 11in. 
It is powered by a 

and has a Hydromatic 40 MP pump 
which delivers 500 gpm. 

Physical and chemical description of 
St::.~e Tc\bles 9, lU and 11, p 86-·ElS. 

materi.;;ds. 

~WF'L.ICATIDN FOF: DCEP,N DUMF0 Hm F'ERMIT... (F'ar·t 222): 
See Appendix C, p C 16 et seq.; Table 2, p 35. 
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Table 9. Results of Laboratory Monitoring of Waste Materials from Star-Kist 
Samoa, Disposed of at Sea During Period October 1980 - March 1983 
(Quarterly Analyses); Dumping Permit OD 79-01/02. 

Dumping 
Period 

1980 

Oct-Dec 

1981 

Jan-Mar 
Apr-June 
July-Sept 
Oct-Dec 

1982 

June-Mar 
Apr-June 
July-Sept 
Oct-Dec 

1983 

Jan-Mar 

Maximum 
Minimum 
Mean 

Notes: 

pH 

6.3 

6.2 
6.0 
6.0 
6.0 

6.0 
6.1 
5.9 
6.0 

6.2 

6.3 

5.9 

6.1 

Results 

Bulk 
Density 
( gm/ml) 

0.72 

0.75 
0.87 
0.86 
0.73 

0.83 
0.86 
0.96 
0.84 

0.90 

0.96 

0.72 

0.83 

of Laboratory Analyses* 

Total 
Susp. Solids 

(mg/1) 

219,000 

4,000( 2) 
151,000 
153,000 
78,000 

100,000 
148,000 
110,000 
112,000 

111.000 

219,000 

4,000 

119;000 
(131,000) (3) 

Total TKN 
Phosphorus 

(mg/1) (mg/1) 

1785 N.A~l) 

780 574 
880 672 
813 778 
661 2554 

931 907 
889 1176 
850 1059 
897 2138 

967 1540 

1785 2554 

661 574 

945 1266 

(1) Equipment not available to complete analysis of TKN 

B005 O&G 

(mg/1) (mg/1) 

188,000 19,700 

144,000 14,100 
168,000 10,300 
153,000 10,800 
137,000 6,500 

165,000 6,800 
150,000 18,100 
142,000 17,700 
146,000 20,100 

143,000 19,300 

188,000 20,100 
137,000 6,500 

154,000 14,300 

(2) Results for TSS do not appear to be typical although reason not known. 
Other test results for this sample look representative. 

(3) Mean TSS is 13.1 without January - March 1981 sample. 

* Supplied by Jeffrey Naumann 



87 

Table 10. Results of Laboratory Monitoring of Waste Materials from Van Camp 
Samoa, Disposed of at Sea During Period January 1981 - March 1983 
(Quarterly Analyses); Dumping Permit OD 7 -01/02. 

Results of Laboratory Analyses** 

Dumping pH Bulk Total Total TKN BOD5 O&G 
Period Density Sus p. So 1 ids Phosphorus 

(mg/1) (mg/kg) (mg/kg) (mg/1) (mg/1) 

1981 

Jan-Mar 6.1 .99 7,390 0.52 70 12,622 16,688 
Apr- June 6.1 .99 4,000 0.50 336 5,805 10,373 
Jul-Sept 6.1 .99 3,106 450 70 13,040 1,123 
Oct-Dec 6.1 .99 94,600 340 2,204 23,768 523 

1982 

Jan-Mar 6.1 .99 51,200 270 722 17,867 21,023 
Apr-June 6.1 .99 111,300 264 4,284 24,500 41,430 
Jul-Sept 6.1 .99 96,600 4,284 1,057 62,897 7.5* 
Oct-Dec 6.1 .99 133,875 645 1,722 63,313 46,024 

1983 

Jan-Mar 6.1 .99 103,200 480 2,744 83,385 56,031 

* Appears to be in error 

** Supplied by Robert E. Diehl 



PARAMETER 

pH, pH units 
Bulk Density, gm/ml 
Total Solids, % 
TVS, % 
TSS, Wt. % 
vss, % of TSS 
TOC, gm/kg dry wt. 
Total Phosph., mg/kg 
TKN, mg/kg 
B0D5, mg/1 
HBAS, mg/1 
Aluminum, mg/kg dry wt. 
Cadmium, mg/kg dry wt. 
Mercury, mg/kg dry wt. 
Oil & Grease, % 

TABLE ll. COMPARISON OF CHEMICAL ANALYSES OF CANNERY 
DAF SLUDGES; BASELINE STUDY AND ASSESSMENT STUDY 

BASELINE STUDY - 1979 ASSESSMENT STIJDY -
OVERALL VAN CAMP STAR-KIST VAN CAMP STAR-KIST 

RANGE MEAN MEAN 

5.8-6.2 6.1 5.9 --- 5. 9-6. 3 
o. 77-1.02 0.89 0.96 0.99 o. 72-0. 96 

--- --- --- 21.5 44.4 
--- --- --- 18.5 39.2 

9.6-21.4 18.5 14.1 --- ---
79. 4-96. 5 95.4 86.5 --- ---
456-965 625 567 559 574 
739-1031 809 793 26,549 9,451 
587-769 678 621 1,9.,00~ 1)5.J)0B:: 

105,000-258,000 225,000 142,000 92,000 182,000 
0.5-13.4 2.8 12.0 0.09 0.22 
711-10,400 5,770 1,260 17,420 2,158 
1.3-6.4 3.5 3.3 1.9 1.3 

0.011-0.050 0.030 O.OlS 0.11 0.05 
--- --- --- 3.98 23.9 

1983 
BOAT 

COMBINED 

---
---

37.1 
34.4 
---
---

604 
13,477 
q,.oot)( 

228,000 
o. 59 
4,285 
1.4 
0.06 

19.6 

NOTE: 
(1) 
(2) 

Baseline data based upon series of three samples at each cannery collected July 1979. 
Assessment data based upon single grab from each cannery and dumping boat May 1983, except for 

00 
co 

pH and bulk density, which are ranges found during the quarterly monitoring October 1980-March 1983. 

JRN: 5/23/83 
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OCEAN DISPOSAL CONSTRAINTS (Part 227) 

Deter mi ni:.,t ion of the Limiting Permissible Concentration 

(l.F'C) the waste being discharged was based on results of 

bioassay tests conducted in the spring of 1980, in accordanC€'.? 

~-11i th EF'l~-approved procedures, on samples o·f the sludge 

collected from the dissolved air flotation system at the Star-

l<i st - Samoa cannery. For these assays the frozen sludge was 

delivered to the USC laboratory and tested, following 

riatE? dilution, on the California killifish, 

approp

Fundulus 

p,,,rvi pi nn is, the mysid shrimp, Acanthomysi~ sculpta, and a 

planktonic copepod, sp. The lethal concentration for 

501/. CLc~o) of the exposed organisms was calculated based on 96 

hour toxicity tests, which yielded the following results: 

96 Hour Toxicity. Samoa DAF Sludge 

The LPC 

Species 

Acartia 
Acantt1om·ys.L2.t. 
FLtndul us 

is defined in 

0.0461/. 
0. 0,10:;; 
0.46% 

• 27 (a) (2) " ... 0.01 of a 

concentration shown to be acutely toxic Usinq the worst 

case found in the bioassays, an LCsa of 0.040 percent for the 

mysid shrimp, this ~Jc:iuld be 0.01 X 0.04 percent, = 0.0004 

percent concentration of the sludge. 
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Release Zone (227.28) 

The release zone is defined as '' ... the area swept by the 

locus of points 100 meters from the perimeter □ f the conveyance 

engaged in dumping activities II 

The width of the release zone is the sum of 100 meters on 

e:i. ther si dE? c::rf the dumping vessel, th€"! M\/ t:::u. s i. moa. 

The beam of the vessel is 7.62 meters (25 feet) makinq thf? 

width of the swept area 207.62 meters. 

The length of the release zone was dertermined by multi-

plying the speed of the vessel during discharge, 9.62 kmph 

by the time needed to empty the waste-holding tank 

aboard the vessel. The tank has a maximum capacity of 

·t 1:=-c::· ,-:i 
.I. ~..J ,_J • ..:... m 

..,, . 

. _;, 
and is pumped at a rate of 1.893 mJ/min 

The length of the release zone is, 

9.26 kmph X c::- ,:- .-... :~) ~ ..... 3 , . 
l....J,:i •• ::. m / 1.89 . .::, m /min= 12,65:3 m. 

( 5()() 

about 

gpm). 

The area of the release zone consists of the width (207.62 
,.., 

ml, multiplied by the length (12,653m) 2,627,016m 2 or 2.63 km~. 

Initial Mi:dng (227.29) 

The concentration upon initial mixing was estimated by the 

method outlined in 227.29(b), as described below. 

The waste is assumed to be mixed uniformly in a volume of 

water bounded horizontally by the area of the release zone~ an 

area of 2.63 km', to a depth of 20 meters. In field studies 

c:cmduclf:?d f □ r- the present report, and in those conducted b'/ 

Metcalfe & Eddy (1977) no thermocline or halocline was detected 



ERRATA 

A Report On Ocean Disposal of Fish Processing Wastes Off Pa&o Pago, American 
Samoa 

Page 88 (Table II). Analyses data for 1983 samples should be as follows: 

Van Camp Star-Kist Boat Combined 

TKN, mg/Kg 1900 1500 1700 

Note: If any further errors are found please contact the Project Sponsors through 
Jeff Naumann (213) 548-4411, extension 6319. 

JRN: 6/6/83 
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within the depths measured (to 20m). The bottom 1s over t300 

fathoms (1,463 m>, as shown in HO chart 83484, making 20 meters 

the depth of mixing to be used for calculations as stipulated 

in 227, 29 ( b) ( 1 ) . 

lied by 20 m, or 

The initial mixing volume is 2.63 kmk multi 

52. 6:-: 106m
3

• 

Conclusions (227.29 {a)) 

The concentration of waste in the initial mixing volume is 

estimated to be the volume of waste ( 155. 2 m di vi d,::>d by the 

initial mixing volume Expressed as a percent, this 

would equal 0.000295 percent. 

disposal site area of 2.69 km 3 , 

If the entire 1 n mi - diameter 

l. ,
.::, to be considered, this would 

result in a concentration of 0.000288 percent. Neither value 

approaches or exceeds the LPC of 0.0004 percent. 

The solid phase of the waste would probably not settle 

onto the bottom aver an area equal to the release zone, as 

assumed in 227.29(b) (2). The currents and dispersion noted in 

this report, and the great depth at the disposal site, indicate 

that dispersal would take place over a much greater area. In 

-..hew of the biodegradability and possible consumption of the 

material by the marine biota it is doubtful that any contribu

tion to benthic deposits would be made by this material. 
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CRITERIA FOR SITE SELECTION (Section 228) 

General Criteria (228.5) 

Thf,? disposal site lies about 2.0 nmi (3.70 km) off the 

coast of Tutui 1 a and about 4. 0 nmi ( 7. 41 km) '5 □uth of 

the entrance to Pago Pago Harbor in waters about 800 fathoms 

( 1 • 4-6 km) deep. There are no fisheries, pelagic or 

benthi.c, in the area. Schools of pelagic fish occasionally 

transit the area, but generally remain farther offshore where 

they may be fished by longliner vessels. 

Commercial and recreational navigation in the area of the 

dumpsi tE:::> is minor·, as it is in all the waters off American 

Samoi::t. 

228.5 (t)), (c), ~,: Cd) 

Tht::::s dumpsi te is a circle one nautical mile in diameter, 

centered at 14°20• Sand 170°41' W. The nearest shore is about 

.-~-. 

..::. nm (3.7km) to the north-west and is a coral reef near the 

airport. Taema Bank, about 2.5 nm (4.63km) to the north, \-,JaS 

once a favorite fishing and diving area for the local populace 

but the reef was severely impacted by the spiny starfish 

P,canthaster some years ago and can be considered impoverished. 

Our studies, ctS detai 1 ed in this report, showed no 

the dispersing waste field reached tht::::s coast, 

although the trajectory of drift was at times toward Taema 



93 

Bank. The rate of dispersion and dilution of the W6ste t1eld 

suggest that the dump material would not be concentrated 2nuuqh 

to be measurable b\/ th1::? timF!! 1t 1'"·E•i:(C:hE?d th~:::, hi::(nk .. 

the material were dumped short of the disposal site, 

impact the reef and shoreline. 

Specific Criteria (228.6) 

2::28. 6 (-3) ( 1) 

ThE? dumpsi tE:.' is a 1 nautical mile I 1 • t3~:i km) 

i. t. 

.; L 

.l. I 

C::0!..i . .l cl 

circle centered at 14°20'S, 170°41'E and lying about 4 nm (7.41 

km) south of the mouth of Pago Pago Harbor in 800 fathoms 

( 1, 46:3 m) of ,.,iate,··. The nearest coast is the reef uff the 

airport, about 2 nm (3.70 km) to the northwest. 

2:28. 6 (a) U) 

Schools of pelagic fish occasionally transit the a,··...-"a'., 

i:d though the normal transit routes lie further offshore and to 

the south,...ie~;t .. No other living resources or activities have 

been observed in the area. 

228. 6 (a) ( 3) 

The nearest reef areas, as stated ab □ \ie, lie 2.0 n mi 

(3. 70 km) to the north~\Jest. and about 2. 5 n mi. (4. 63 km) tu thf? 

north. No other amenity areas are in close enough proximity to 

be potentially affected by the dumpsite. 

228. 6 <a.> ( 4) 

The wastes to be disposed of consist of fish pr· □ cE·ssi ng 
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OAF sludge, as well as press water, and cooker water. which are 

unprocessed materials. More information on the chemical and 

properties and the source of the wastes is presented 

in Section I 1.' dnd '-,,I I The mater-ial ). c
.::, t,~anspcir--

ted in a 41,000 gallon (155.2 m3
l tank on board the dumping 

vessel, M.(). Misimoa. Discharge is at a rate of up to 500 gpm 

(1,89:3 liters per minute) while the vessel is moving in a 

circle within the dumpsite at a speed of 5 knots (9.26 kph). 

(a) (5) 

Surveillance and monitoring in the area, e>:cept at the 

most rudimentary level, is possible only by bringing in survey 

personnel and equipment from other areas. Local resources with 

the skills and equipment to conduct periodic surveys are either 

over-taxed or non-existent. 

V""-_ 2::?8. 6 (al Ui j 

Data on currents in the area were reported for July 

b ,, 
f Metcalfe & Eddy (1979). The surface currents which 

1979 

they 

measured by drogues were primarily wind driven, with veloci-

ties ranging from nearly 0.0 knots to above 0.4 knots (ma:-: i mum 

of 22 cm/sec.) in a 15 - 20 k easterly Trade Wind. Under light 

and variable winds, drift was reported to be in a southl-'Jest 

direction at about half the velocity reported for the stronger 

\..ii nd. Currents at 100 feet (30 ml were consistently eastward 

and currents at intermediate depths showed directional flow 

intermediate between the surface and deep currents and 1 Ol-'Jer 
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velocities than either. 

ClLff field observations, which were made with drogues set 

at the surface in January and July 1982 and additionally at 10 

20 meters in July. showed the surface drift t □ be 

tially wind driven, pr· i mar· i 1,.,, to the north, in July. Both the 

10 meter and the 20 meter drogues showed a north to northf:?dst 

direction but at a lower velocity than at the sur·face. 

ccmdi ti ons were probably unusual in that the Trade Winds werf.~ 

very transitory in 1982. On July 20, surface drogues traveled 

24.2 cm/sec while the slick moved at 13.9 cm/sec. On July 

.. --' ~~· .. :...•.-'' surface drogues traveled at 11.3 cm/sec while the 10 and 20 

m drogues moved at 9.3 cm sec. 

'Jer·tical mixing should extend to at least 300 feet (91.4 

rn) , <;:;i nee no halocline or thermocline has been found to 

dt?pth. 

discharges or dumping are known at the present site 

f?>: cept for the fish processing wastes. Pt treated SEWc1(:JE.• ef--

fluent line is located about 2.5 nm (4.63 km) to the north-west 

in Vai Cove. Locally, open ditch and other discha,.--ges 

pl'"esent along the shore sel'"v1ng native \/ i 11 agf:~s. Cumulative 

effects of these cjisc:hcH·ges on the use-? of tt-,e du,np-site a,,·e not 

known but are pl'"obably insignificant or non-existent. 

228. 6 (a) (8) 

Ocean disposal should not inte,.--fel'"e with any of the 1 i sted 
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uses of the ocean. It is not considered likely, in view of the 

currents and the rate of dispersal of the waste field. that 

i nterfer·ence would take place. The reef area and Taema Bar,k 

could be impacted only if dumping accidentally occurred 

to shore than the disignated site, based on drogue tests. 

228. 6 (a) ( 9) 

The e;: i sting water quality and ecology of the area are 

discussed at length in this report and in Metcalf & Eddy 

( 1979) • TherE? is no evidence of cumulative effects that have 

taken place due to the dumping. There was no evidence of the 

waste discharged the previous day during our studies in the 

area. 

228. 6 (a) ( 1 0) 

No nuisance species were observed in the area during any 

of our days in the field. Discussion with Dr. Ri char·d Wass, 

biologist 017 the staff of the Marine Resources Center of 

American Samoa, indicated that the area has never been a rich 

biotic site for either game or food fish, for nuisance 

species such as shar· ks. Observation and trolling in the area 

did not result in sighting or catching of nuisance species. 

228. 6 <a) < 11 ) 

No significant natural or cultural features of 

importance are in the area of the disposal site. 

historical 
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V. PUBLIC HEALTH ISSUES 

The potential for public health concerns related to ocean 

disposal of fish wastes can be categorized as follows: 

1. 

"":'." ·-·. 

F·otenti al for bioaccumulation of trace metals in 

species harvested for human consumption. 

F·otenti al attraction of undesirable species or those 

hazardous to human welfare. 

Possible presence of Clostridium or other toxins such 

that they are hazardous to humans. 

4. Possible toxicity of wastes to ecosystem organisms. 

1) Trace Metals 

aluminum, cadmium , \ 
, 11,.\' i) 

Sludge samples have been analyzed for 

and mercury as required by EPA and have 
I(' ~ \. 

in the past been \~ "",l'.J.,.'- ~ 
/'o~ J 

Aluminumfi.a~~~--a~~,-~ ~~~,' screened for a full array of trace metals. 

the only metal present in relatively large amounts.~~ 

2) Attraction of Undesirable Species 

In years prior to federal waste regulations, fish 

processing wastes contained heads, guts and chunks of flesh as 

well as course particulates. During those years, sharks might 

well have been attracted to disposal sites, where wastes would 

attract smaller fish to feed and provide extensive prey. 

Sharks are not filter feeders however, and thus would find 

little to attract them to the present ~,aste plume, unless 

schools of filter-feeding prey were first attracted. 

In American Samoa no sharks have been sighted during 
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disposal. 

device 

They 

(FAD) 

are sometimes sighted at the f i sh--::HJCJn~•gat ion 

located southwest of cc:mtr-ol south (CS)., 

according to Dr. Richard Wass (pers. comm). 

Toxicity to Humans 

Anaerobic conditions in the OAF sludge tanks and in ship-

board waste tanks lead to production of hydrogen sulfide and 

ammonia. Although H2S is prominent in the waste~ the tanks are 

vented for safety. 

the waste plume. 

We have not attempted to measure sulfide in 

We have seen little depression of pH in the 

field, perhaps because of the rapid dilution of the waste. 

The Clostridium Question 

The question of whether Clostridium botulinum spores 

and/or to:-:i n could constitute a hazard of ocean disposal 

processes in one which was raised by NOAP1 consultants. 

Clostridium species are obligate, spor-·e-fonr1i ng anaerobic 

bacteria which occur in soil, in marine sediments and animal 

gut contents; they may also occur in improperly canned foods, 

or in closed water-line systems, for e:-:ampl e. As a group, 

Clostridium species cause a variety of incapacitating diseases 

with high mortality; ~..!_ tetan i causes the par al yt i c tetanus, ~ •... 

perfringens causes the so-called gas gangrene of untreated 

wounds, and ~ botulinum produces a heat-stable neuroto>: in 

which may be lethal when ingested even in minute quantities in 

the disease called botulism. 

Clostridium spores are virtually ubiquitous in the 
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environment, but r-elativf?ly 

and th12 d 1 ·,,:,ol vecl 

----------·----·- ·- ·~-·----·- - ---

an aero b 1 c conditions 

constantly p -------tions would have to occur, 

althouqh 

thf? fo~F tanks. Other cond i ·-

howe\,,er, such as maintenance of 

unmi ,< ed, undiluted concentrations and ingestion of the resul-

tant trn: in. Dr. Milo Appleman, professor emeritus of microbio-

who has been active in Clostridium consulting for 

many ye.:.'\rs, is aware of some industrial cases of accidental 

ingestion and the possibility of such occurrences can be recog-

nized even though they are remote. 

We have discussed the situation with Star-Kist personnel, 

who in turn contacted the National Food Processors Association 

L.:aborator i es at Berkeley, California, where the canned food 

botulism cases are examined. Ten samples of DAF sludge were 

sent to that laboratory for testing. Direct innoculation tests 

of sludge centrate were performed on mice, as well as tests in 

liver broth is innoculated and incubated to enhance the 

potential concentration of pathogen before injection into test 

mice. In all cases, results were negative. The possibility 

versLtS the probability of infection could also be evaluated by 

searching +or records of similar occL.wrences. The at-risk 

gr·oup, :if dn/, would appear likely to be the workers handling 

the sludge at its transfer. 
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The r-ap i. d clil.ut:i.on of the waste from th(?. ( ::--4 

orders within 30m at discharge> would seem to make it i...tn J l I:: E! J. ··-/ 

that 

the 

toxins would reach organisms in lethal concentrations in 

wa!:;te +ield. Spores are already known to occur in marine 

sediments and in fish gut material. In our Los Angel.es Harbor 

microbiology studies in 1973-75, no anaerobic gas-formers were 

found, W~l i Ch would indicate a lack of Clostriqj__urn in surfdce 

water s,::1.mp l e!5. 
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APPENDIX A 

January 1982 

Cruise Logs 

Field and Laboratory Data 



A2 



Cruise: NOAA-OMPA 
American Samoa 
StarKist/Van Camp 

VESSELS & PERSONNEL: 

A3 

Date: 18 Jan. 1982 Type: Observation, 
Transmissometer 

R.V. Sausauimoana (55ft) 

P. Pedro, OMR Operator 
D. Soule, USC P.I. 

M.V. Misimoa (55ft) 

Dump vessel crew 

M. Oguri, USC 
J . Soule, USC 
R. Bostick, USC 
R. Wass, OMR 

DUMP MATERIAL: 

16,800 gals sludge 

STATION LOCATIONS, OBSERVATIONS AND SAMPLING PARAMETERS: 

Control North (CN) 
Test Prime (TP) 
Control South (CS) 

14° 21, 20 I x170° 39 .85 I 

14°22.00'x170°41.00 1 

14°23.15 1 x170°42.40 1 

(no navigation aids except compass, sextant and 3-arm protractor 
are available) 

Sampling: 
Station/Depth 
Left dock 

Dump started 
NE in TP(A) 
15m 

NE TS (B) 15m 

SE in CN(C) 
10m 

Time 
1310 

1350 
1402 

Observations 
Misimoa departed 1250 
for Congressional 
Committee demonstration 
Hot, sunny 
Winds to 6mph, 4ft 
swells 

1412 Drogues red c blue & 
white stripe-streamers 
not re-sighted 

1432 

1437 

Yellow drogues c brown 
& white streamers 
drifted due south 
5-7mph, water rough 

Parameters 

Transmiss
ometer, Martek 
FU 

Martek shorting 
Trans, Secchi, 
FU 

Trans, Secchi, 
FU 



Sampling: 

Station/Depth 

End dump 
NE TP(D) 20m 

NW TP(E) 

CS(F) 

Time 

1440 

1452 

1503 

1530 

A4 

Observations 

Wind 20-30mph white 
caps; rain storm 
blowing in 

High tide 1510, 1.2ft 

18 Jan 1982 

Parameters 

Trans. Secchi, 
FU 

II 



Cruise: NOAA-OMPA 
American Samoa 
StarKist/Van Camp 

VESSELS & PERSONNEL: 

A5 

Date: 20 Jan.1982 Type: BOD/TOC 
NH 3, O&G 

R.V. Autele (Office of Marine Resources) 

R. Wass, OMR Operator 

M.V. Misimoa 

Dump vessel crew 
W. Pedro, OMR crew J. Naumann (StarKist) 
D. Soule, use, P.l. 
M. Oguri , USC 
J. Soule, USC 
R. Bostick USC 

DUMP MATERIAL: 

21,000 gals sludge 

STATION LOCATIONS, OBSERVATIONS AND SAMPLING PARAMETERS: 

Control North (CN) 
Test Prime (TP) 

Control South (CS) 

14°21.20' x170°39-85' 
14°22.00'xl70°41-00' 
14°23.15'x170°42.40' 

(no navigation aids except compass, sextant and 3-arm protractor 
are available) 

Sampling: 

Station/Depth 

CN-G 
0,3,6,lOm 

TP-H 
(pre-dump) 
0 ,3 ,6, 10m 

CS-J 

TS-K 
(start dump) 
O , 1 , 3 , 6 , 10m 

Time 

0900 

0922 

0955 

1040 

Observations 

Small fish schools 
(skipjack?) many sea 
birds, wind gust to 
4 mph from NE 

Wind 3mph, ENE 

White drogues c blue 
streamers, 2ft-swells 
10ft interval to SW 
wind 8 mph from N 

Parameters 

Water samples for 
BOD, NH 3 , O&G, sur
face saT~pH.,Secchi, 
transmissometer. 

II 

II 

Autele dropped yellow BOD, 
drogues c red streamers; 
Misimoa set red drogues 

0 ,3 ,6, 10m 

c brown & white strea-
mers; no floating debris 
in plume; boat drift to 
SW 



Station/Depth 

TS-L 
0,1,3,6,lOm 

TS-M 

TS-N 

TS-0 

TS-P 
TS-Q 

CS-Y 

CS-R 

TS-S 

TS-T 

TS-U 

Time 

1050 

1100 

1115 

1130 

1145 
1210 

1247 

1250 

1306 

1400 

1450 

A6 
20 Jan 1982 

Parameters Observations 

East edge of plume 

Misimoa outside dump 
circle 14 mph gusts, 
6 ft surge to SW 

Water samples for BOO 
NH 3, O&G, surface sal ., 
pH, Secchi, transmisso
meter. 

clouding over. 
Center dump plume, 
Misimoa empty, 1125 
Landside of circle, Fish 
schooling after dumpboat 
left on S side many birds. 
Back over yellow drogues. 

2 gals water for metals 
background. 
Found CS white drogues; 
moved 1 mi+ in 3 hrs. 
brown boobies at fish 
station (C buoy) off
shore looked for sharks; 
none 
Gurry patch at center of 
TP, center moved about 
0.10 mi in 3 hrs. 
Slight odor of slick 
remains. West edge of 
slick found yellow c 
red drogues 0.9 mi 1n 
3 hrs 20 min, red 
drogues c stripes 
(MisimoaJ found nearby 
1643 ft 1 hr. (0.37k) 
NE edge of slick near 
start of dump 760 ft 
to NW in 4 hrs (incoming 
tide?) 

II 

II 

No O&G 

II 

II 

11 

II 

II 

No samples 



Cruise: NOAA-OMPA 
American Samoa 
StarKist/Van Camp 

VESSELS & PERSONNEL: 

R.V. Autele, OMR (28ft) 

R. Wass, OMR Operator 
W. Pedro, OMR crew 
D. Soule, USC, P.I. 
M. Oguri, USC 
J. Soule, USC 

DUMP MATERIAL: 

16,800 gals sludge 

A? 

Date: 21 Jan.1982 Type: Martek,backup 
BOD, DO 

M.V. Misimoa (55ft) 

Dump vessel crew 

STATION LOCATIONS, OBSERVATIONS AND SAMPLING PARAMETERS: 

Control North (CN) 
Test Prime (TP) 

Control South (CS) 

14°21.20 1 xl?0°39.85 1 

14°22.00 1 xl?0°4l.00 1 

0 

14 23-15' x170°42-40 1 

(no navigation aids except compass, sextant and 3-arm protractor 
a re av a il ab l e ) 

Sampling: 

Station/Depth 

Leaving harbor 

CN 02 
0,1,3,6,lOm 
Trans to 20m 
TP 03 
0,1,3,6,10m 
Trans to 20m 
cs 04 
O , 1 , 3 , 6 , 10m 
Trans to 20m 

Time 
0800 

0900 

0927 

1000 

Observations 
Large slick outside 
harbor, probable 
bilge pumping, calm; 
3 ft swells, light 
wind NE 
Gusts to 12 mph, 
drogues red c white 
streamers -

Gusts to 14mph 
white drogues c 
yellow streamers 
Gusts to 16 mph near 
Tafuna outfall 6ft 
swells~ yellow drogues 
~ red stripes 

Parameters 

Martek, Trans, 
water for BOD, TOC, 
Winkler DO 4 depths 



Station/Depth 

TP 05 
to 15m 

TP 06 
0, 3 ,6, 10m 

TP 07 
to 24.5m 

TP 08 
to 24.5m 

TP 09 

TS 10 
to 24.5m 

Return to dock 

A8 

Time 

1045 

1112 

1127 

1300 

1315 

1335 

21 Jan 1982 

Observations 

Whitecaps, gusts to 
14 mph, dump started 
at SW edge of circle, 
Misimoa drogues yellow 
c blue, Autele red 
drogues~ blue. 

Parameters 

East end of plume, No BODs 
gusts to 16 mph, hard 
to keep station 

Dump end 1130 on slick BODs et al 
drogues, land side of 
slick gusting 16 mph. 

Looked for sharks on south 
perimeter for l hr. none 
sighted, saw tuna schools 

Slick drifted SE, wind BODs et al 
16.5 mph 

Strand of slick most No BOD 
seaward (S) side, 
drogues blew SW. 

Trans. battery dropping, 
storm front crossing, 
winds 20 mph, slick moved 
south cross wind (from NE) 

Heavy rain enroute 



CRUISE: NOAA-OMPA Arrerican Samoa, Star-Kist VESSEL: Sausauimoana DATF;: 18 ,JcJ.n. l9H2 

i-:EA1'HER: 
Van Camp 
1;:a rly rain; hot sunny; storm lat0r SEA STATE: 4' SW!:"11, choppy 'l'IDE: low 0846, O.'lft 

Station Depth Tii:re 'I'errp Sal DO pH %T Secchi FU NH 3 BOD TOC 
m 0 o/00 mg/l m lJ{J-at/l mg/l mg/l 

TP A 0 1402 29.7 6.7 8.8 65 

1 29.7 6.3 8.7 85 

3 29.7 5.7 8.7 98 

6 29.6 5.7 8.7 99 

10 29.5 5.5 8.7 97 

15 29.5 5.5 8.7 100 

'T'S B 0 1425 29.7 5.5 8.5 80 3 4 

l 29.7 5.5 8.7 82 

3 29.6 5.7 8.6 95 ;i::. 
I.D 

6 29.5 5.3 8.6 100 

10 29.5 5.4 8.6 100 

15 29.5 5.4 8.6 100 

CN C 0 1437 29.6 5.7 8.6 96 29 1 

1 29.4 97 

3 97 

6 98 

10 99 



CRUISE: NOAA-OMPA American Samoa, Star-Kist VESSEL: Sausa.uimoana DATE: 18 Jan 1982 
Van Camp 

WEATHER: Early rain; hot, sunny SEA STATE: 4' swells, choppy TIDE: low; 0846, 0 .4ft. 

Station Depth Time Temp Sal 00 ~H %T Secchi FU NH .3 BOD TOC 
m 0 01

00 
mg/7,, m l-10-at/7,, mg/7,, mg/7,, 

TP D 0 1452 29.5 92 

1 93 

3 96 

6 96 

10 96 

15 97 

20 99 

TP E 0 1503 29.0 92 

l 95 

3 95 

6 96 

10 97 

15 98 

CS F 0 1530 28.0 80 2 

l 87 

3 88 

6 87 

10 B7 

15 87 



Star-Kist - van Camp 
CRUISE: NOM-OMPA-AMERICAN SAMOA VESSEL: Autele DATE• 20 Jan,1982 

WEATHER: 
AM: SWlny, winds gusty, NE to 4 mph AM: 2 ft swell to SW 
PM: Winds N to E, 14 mph SEA STATE: PM: Choppy 'rIDE: low 1005, 0.3 ft 

Station Depth Time Temp Sal DO pH %T Secchi FU NH 3' 000 TOC OIL & 

m oc 01
00 

mg/l m JJg-at/l mg/l mg/l GREASE 

CN G 0 0900 35.5 8.20 92 21.5 1 1.6 7 6.0 

3 97 1.1 7 

6 98 1.7 8 

10 100 1. 3 7.5 

TP H 0 0922 36.0 8.20 97 24 1 2.1 6 13 .5 

3 100 1.1 4 

6 100 1.2 6 

10 100 1.2 6.5 

cs J 0 0955 36.4 8.20 89 27 3 2.2 8 24.0 

l 91 

3 93 1.3 9 

6 95 <l 8.5 

10 98 1.3 4 

TP K 0 1040 36.4 8.18 76 22 4 5.6 6.5 3 14 .5 

l 88 

3 94 1.8 6 

6 98 1.5 3.5 

10 100 1.0 2 

sludge 87,000 10,400 

raw seawater 6.5 5 



Star-Kist - Van Camp 
CRUISE: NOAA-OMPA-AMERICAN SAMOA VESSEL: Autele DATE: 20 Jan 1982 

AM: Sunny, winds gusty, NE to 4 mph AM: 2 ft swells to SW 
TIDE:low 1005, ft WEATHER: SEA S'l'I\TE: 0.3 

PM: Winds N to Et 24 IDJ2h PM: Choppy 

Station Depth Time Temp Sal DO pH %T Secchi FU NHJ BOD TOC QIL & 

m oc o/ mg/l m l-lfj-at/l mg/l mg/l GREASE 
00 

TS L 0 1050 36.3 8.20 75 3.5 4 5.2 5.5 4 6.0 

1 84 

3 80 5.7 4.5 

6 90 <l 2 

10 98 2.6 4 4 

15 99 

TS M 0 1100 37.0 8.16 84 4 4 4.7 5 4 17.5 

1 37.0 8.16 84 

3 82 2.9 6.5 4 
)::, ..... 
N 

6 96 1.6 4.5 

10 98 <l 5 4 

15 99 

TS N 0 1115 37.0 8.19 68 5.5 4 1.8 3 3 14.0 

1 90 

3 90 3.8 6.5 5 

6 94 1.4 4 

10 94 2.6 5 4 

15 98 



Star-Kist - Van Camp 
CRUISE: NOAA-QMPA-AMERICAN SAMOA VESSEL: antele DATE: 20 Jan 1982 

WEATI-iER: 
AM: Sunny, winds gusty, NE to 4 mph AM: 2 ft swells to SW 

TIDE: low 
PM: Winds N to E, 14 m,12h 

SEA S'l'ATE: 
PM: ChOJ2,E;l 

1005, 0.3 ft 

Station Depth Tirte Temp Sal DO pH %T Secchi FU NH.3 BOD TOC OIL & 

m oc o/ mg/l m W- at/l mg/l mg/l GREASE 
00 

TS 0 0 1130 36.7 8.20 86 7 3 7.0 7.5 5.0 

1 84 

3 89 <l 6 4 

6 92 1.1 8.5 4 

10 97 1.2 8.5 

15 98 

20 99 

TP P 0 1145 36.2 8.20 82 5 4 3.6 5 

1 82 :r., ,_. 
w 

3 83 2.3 6 

6 88 1.9 4.5 

10 97 1. 3 6.5 

15 98 

20 98 

TP Q 0 12 )0 36.7 8. 20 83 6 4 4.0 8 

l 83 

3 87 2.6 8.5 

6 88 2.3 5 

10 93 <l 7 

15 96 

20 97 

25 98 
30 99 



Star-Kist - Van Camp 

CRUISE: NOAA-OMPA-AMERICAN SAMOA VESSEL: Autele DATE: 20 Jan 1982 
AM: Sunny, winds gusty, NE to 4 mph AM: 2 ! ft swells to SW 

WEATHER: PM: Winds N to E, 14 mph SEA STATE: PM: Choppy TIDE: low 1005, 0. 3ft 

Station Depth Tine Temp Sal 00 pH %T Secchi FU NH BOD TOC OIL & 

m oc 01
00 

mg/l m µg~at/l mg/l mg/l GREASE 

CSR 0 1251 36.4 8.20 91 25 1 3.3 6.5 

1 91 

3 91 1.0 7.5 

6 91 1.1 3.5 

10 91 1.0 5 

15 93 

TP S 0 1306 36.0 8.20 86 10 3 3.4 4.5 7.0 

1 88 
):> 

3 89 2.9 9 
....... 
+:> 

6 93 1. 7 5.5 

10 96 1.6 8 

15 97 

20 98 

25 98 

TP T 0 1400 35.9 8.20 88 19 1 2.2 5 12.0 

1 90 

3 90 <l 8 

6 91 <l 4 

10 92 1.6 

15 93 

20 94 

25 95 

30 95 



Star-Kist - Van Camp 
CRUISE: NOAA-OMPA-AMERICAN SAMOA VESSEL: AUTELE DATE: 21 ,Tan. 1982 

WEATHER:See Cruise Report St;;l\ STATE: See Cruise Report TIDE: High; 1710, 2. 6ft. 

Station Depth Time Temp Sal 00 pH %T Secchi FU NH BOD TOC DO 
m oc 01

00 
mg/l m w.~at/l mg/l Winkler .., 

CN02 0 0905 29.1 36.5 G.l 8.4 98 25 2 4 3 5.8 

3 29.2 36.1 6.1 8.4 100 3 5.6 

6 29.2 36. 3 6.1 8.4 100 4.5 5.6 

10 29.3 36.8 6.1 8.4 100 3 3 5.6 

15 29.3 6.0 8.4 100 

20 29.3 6.0 8.5 100 

TP03 0 0927 29.4 36.1 6.3 8.4 95 24 1 1.5 5.6 

3 29.3 36.4 5.8 8.4 100 3.5 5.6 > ...... 
U1 

6 29.3 37.2 5.9 8.4 100 4 5.6 

10 29.3 36.5 5.9 8.5 100 4 5.8 

5 29.4 5.8 8.5 100 

20 29.4 5.9 8.5 

CS04 0 1000 29.5 36.5 6.8 8.5 98 23 1 3 5.7 

3 29.5 36.9 5.9 8.5 97 3.5 

6 29.4 37.0 5.8 8.5 97 3.5 

10 29.4 37.0 5.8 8.5 98 5 

15 29.4 5.8 8.5 99 

20 29.4 5.8 8.5 100 



Star-Kist - Van Camp 
CRUISE: NOM-OMPA-AMERICAN SAMOA VESSEL: AUTELE DATE: 21 Jan. 1982 

WEATHER: See Cruise Report SEJ\ STATE: See Cruise Report TIDE: High; 1710, 2.6ft. 

Station Depth Time Temp Sal DO pH %T Secchi FU NH.3 BOD Toe DO 
m oc o/ mg/Z m l-19-at/l mg/l mg/l Winkler 

00 

TP05 0 1045 29.8 36.3 5.9 8.4 55 3 6 4.5 5.4 

3 29.9 36.8 6.1 8.4 85 3.5 5.4 

6 29. 5 37.0 6.1 8.4 90 5.6 

10 29.4 37.0 6.1 8.4 96 3 5.5 

15 29.4 6.0 8.5 98 

TS06 0 1115 29.5 36.1 5.7 8.4 87 4 4 5.4 

3 29.5 36.5 5.5 8.4 86 5.7 

6 29.4 36.5 5.8 8.4 91 5.8 )::, ...... 
10 29.4 36.8 6.0 8.5 95 5.6 

CTI 

.15 29.4 5.8 8.5 96 

TSO? 0 1135 29.4 36.6 5.7 8.4 90 7 3 7.5 5.6 

3 29.5 36.6 6.0 8.4 88 5 5.4 

6 29.5 36.7 5.7 8.4 91 6 5.6 

10 29.5 36.9 5.8 8.4 92 5.5 5.7 

15 29.5 5.8 8.5 94 

20 29.4 5.8 8.5 93 

24.5 29.4 5.8 8.5 93 



Star-Kist - Van Camp 
CRUISE: NOAA-OMPA-AMERICAN SAMOA 

WEATHER: See Cruise Report 

Station 

TS08 

TS09 

TSlO 

Depth Time 
m 

0 1300 

3 

6 

10 

15 

20 

24.5 

0 1315 

3 

6 

10 

15 

20 

24.5 

0 1335 

3 

6 

10 

15 

20 

24.5 

Temp 

oc 

29.4 

29.4 

29.8 

29.7 

29.6 

29.6 

29.5 

29.6 

29.7 

29.7 

29.7 

29. 7 

29.7 

29.7 

29.7 

29.7 

29.6 

29.7 

29.7 

29.7 

29.7 

Sal 
01

00 

00 pH 
mg/l 

5.8 8.5 

6.1 8.4 

5.8 8.4 

5.8 8.4 

5.8 8.5 

5.8 8.5 

5.8 8.5 

6.0 8.5 

5.9 8.4 

5.8 8.4 

5.8 8.4 

5.8 8.5 

5.8 8.5 

5.9 8.5 

5.9 8.4 

6.0 8.4 

6.0 8.4 

6.0 8.4 

6.2 8.5 

6.1 8.5 

6.0 8.5 

VESSEL: 

SEJ\ STATE: 

%T Secchi 
m 

91 

89 

88 

90 

91 

92 

92 

85 

86 

88 

88 

90 

91 

90 

87 

86 

87 

88 

90 

91 

91 

AUTELE 

See Cruise Report 

FU NH.'3 
l-Jfl -at/l 

3 

3 

DATE: 21 Jan. 1982 

TIDE1 Low; 

BOD TOC 
mg/l mg/Z 

3.5 

3.5 

2.5 

2.5 

6.5 

4 

5.5 

2.5 

1042, 2.1ft. 

:r:> 
~ 

---J 
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APPENDIX B 

July, 1982 

Cruise Logs 

Field and Laboratory Data 
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Cruise: NOAA-OMPA 
American Samoa 
Star-Kist/Van Camp 

VESSELS AND PERSONNEL: 

83 

Date: 20 July 1982 Type: BOD, TOC 
NH 3, Martek 

R.V. Autele (28 ft) M.V. Misimoa (55 ft) 
Office of Marine Resources 

R. Wass, OMR, Operator Dump vessel crew 
D. Soule, USC, P.I. 
J. Soule, USC 
M. Oguri, USC 
R. Bos ti ck, use 
D. Eta, USC 

DUMP MATERIAL: 

27,650 gals sludge 

STATION LOCATIONS, OBSERVATIONS AND SAMPLING PARAMETERS: 

Contra l North (CN) 14°21.20'x170°39.85' Tide: Extreme spring 
ti des , l ow at 

Test Prime ( TP) 14°22.00'x170°41.00' 1255, -0.9 ft. 

Control South (SC) 14°23.15'xl70°42.40 1 Wind: 10k, south and 
increasing to 16k 

(no navigation aids except compass, sextant and 3-arm protractor 
are available) 

Sampling: 

Station/Map Site 
Left dock 

CN-1 A 

TP-1 

TS-1 

B 

C 

Time 
0858 

1000 

1037 

1106 

1111 

Observations 

Pre-dump control. 
Misimoa started dump 
on south side of 
circle. Plume brown
to-tan. 
Misimoa started second 
circle 

Parameters 

Water samples for BOD 
TOC, NH

3
, Martek, (temp, 

sal .), DO, pH, Trans
missometer, Secchi disk, 
Forel-Uhle, color scale, 
wind guage, surface 
drogues. 

II 

Red drogues deployed. 



Station/Map Site 

TS-2 

TS-3 

TS-4 

TS-5 

TS-6 

TS-7 
J 

TS-8 
TS-9 
CS-1 

TS-10 
TS-11 
TS-12 

TS-13 
TS-14 

TS-15 

D 

E 

F 

G 

H 

I 

K 

L 

M 

N 

0 

p 

Q 

R 

s 

T 

Time 

1117 

1131 

1142 

1151 

1202 
1213 

1215 
1227 
1232 
1244 
1329 

1400 
1413 
1427 

1440 
1452 

1502 

1520 

B4 

Observations 

Water with lOft+ waves 
long swells, wind chop. 

Autele moved in behind 
Misimoa started third 
circle. 
Autele moved in plume 
as Misimoa started 
fourth circle. Strong 
wind blows boat N faster 
than plume (out of plume 
at 10-20m). 
Misimoa in at 4.5 rounds 
( N side). 

Mis i moa empty. 

South side of slick. 

20 July 1982 
Parameters 

Water samples for BOD 
TOC, NH 3 , Martek, 
(temp, Sal., DO, pH), 
Transmi ssometer, 
Secchi disk, Forel
Uhle, color scale, 
wind guage, surface 
drogues. 

II 

II 

II 

II 

Map position east side of slick, no sample 
NW landward edge of plume. " 

West edge of plume. 
Control station, no fish, 
no birds. 
SW edge of plume 
SE edge of plume. 
East edge of plume still 
visible in circle, center 
not filled in. 
South edge. 
North edge, water light 
milky blue. 
North E edge, water light 
milky blue. 

II 

II 

II 

II 

II 

II 

II 

II 

Red drogues from TS-1 sighted north of 
slick toward harbor. No slick nearby. 



Cruise: NOAA/OMPA 
American Samoa 
Star-Kist/Van Camp 

VESSELS & PERSONNEL: 
R.V. Autele 

B5 

Date: 23 July 1982 

Office of Marine Resources 
M.V. Misimoa 
Dump Vessel 

R. Wass, Operator (OMR) 
D. Soule, USC P.I. 
J. Soule, USC 
M. Oguri, USC 
R. Bostick, USC 

DUMP MATERIAL: 30,200 Gallons Sludge. 

STATION LOCATIONS, OBSERVATIONS AND SAMPLING PARAMETERS: 

Control North (CN) l4°21.20'x170°39.85' 
Test Prime (TP) 14°22.00'xl70°4l.00 1 

Control South (CS) 14°23.15'x170°42.40' 

Sampling: 

Station/Map Site Time Observations 
CN 1 0933 Flat yellow drogues 

released. 
CN-A 0938 Control Martek 
TP 2 0954 Flat red drogues 

released. 
TS 3 1033 Misimoa starts dump; 

surface balloon 
drogues released (2) 

TS 1035 10m balloon drogues 
released (2) 

TS 1036 20m balloon drogues 
released (2) 

TS 1053 One 20m balloon reset, 
one sank. 

TS-A 4 1056 Seas calm 

TS-B 5 1114 Seven surface readings 
across waste plume to 
look for oxygen sag. 

TS-C 5 1119 Vertical readings for 
oxygen sag. 

Type: Drogue Study, 
Oxygen Sag 

Weather: South 2-6k 
gusts, 8-19ft long 
swells, no white caps. 

Parameters 
Drogues, Martek (temp. , 
sa 1 • , DO, pH.) 

II 

(no measurements) 

Parameters 

II 

II 

II 

II 

" 



Station/Map Site 

TS-D 6 

TS-E 

TS-F 

TS-G 

TS-H 

TS-J 

cs 

6 

7 

8 

9 

10 
10 

11 

12 

13 

B6 

23 July 1982 

Time Observations Parameters 

1135/ 
1139 Eight surface readings Drogues, Martek (temp., 

sa 1. , DO pH.) . 

1141 

1149 

1157 

1206 

1216 

1225 

1257 

1310/ 
1430 

1450 

1453 

1454 

1500 

Vertical readings 

Misimoa empty. Surface 
drogues, north of 10 and 
20m drogues, 130 yes±. 
apart 
East side of dump circle 

North side of dump 
circle; plume not very 
visible, lighter blue; 
particulates floating 
in water column. 

West side of slick. 

West side in slick. 

Hot, calm with long 
swells, 6-lOft. 

Survey for sharks; none 
found. Two skipjack 
caught on handline; 
several large schools 
between CS and TP, out
side plume; many birds 
diving. 

Balloon drogue, 10m A, 
picked up. 

Balloon drogue, lOm B, 
picked up 100ft south 
of A. 

Balloon drogue, 20m A, 
picked up 50ft west. 
Slick a light blue, 
visible due to lack of 
wind ripple. 
Surface drogues picked up, 
A was SW of B, separated 
by llOyds +; position 
recorded between them 
north of northern edge of 
slick. Final positions of 
slick recorded. Yellow flat 
drogues not re-sighted from 
CN; red drogues on north 
side of s 1 i ck • 

" 

(no measurements) 

Parameters 

" 

11 

II 

Martek 

Drogues 

II 

II 

II 



B7 

23 July 1982 

Station/Ma~ Site Ti Observations Parameters 

14 1512 North edge of slick (position only) 

15 1520 West edge of slick II 

16 1525 South edge of slick II 

17 1533 North East edge of II 

slick 



CRUISE: NOAA-OMPA-Van Camp/Star-Kist VESSEL: Autele DAl'E: 20 July ]982 
American Samoa 

WEATHER: Clear, Sunny,South wind SEA 5'.t'A·rE: Long swell.st 10 ft. 'l.'IDE: Low 1255,-0.9ft. 

Station Depth Time Temp · Sal DO pH %T Secchi FU NH..3 BOD TOC 
(Map/Site) m o/c 0 100 mg/Z m µg-at/i mg/Z mg/Z 

CN 1 0 1000 28. 35 34 .12 6.41 8.24 100 < 15 1 1.9 4.98 6.0 
(A) 

3 18.40 34.20 6.22 8.16 100 5.8 4.27 4.5 

6 28.40 34.22 6.09 8.14 100 1.6 3. 70 1.0 

10 28.40 34. 22 6.07 8 .14 100 1.6 2.87 3.0 

15 28.40 34.25 6.06 8.13 100 

20 28 .39 34.22 6.02 8 .14 100 

TP 1 0 1037 28. 38 34 .07 6. 30 8 .41 100 < 15 1 1.6 1.51 56.5 
(B) 

3 28. 39 34 .18 6. 35 8.19 98 1. 7 2.73 48.0 co 
co 

6 28.40 34 .19 6.90 8.16 98 3.3 3.03 48.5 

10 28.40 34.20 6.11 8.16 98 1.5 3.20 1.5 

15 28. 38 34 .21 6.04 8 .14 98 

20 28. 38 34.22 6.01 8.14 100 

TS 1 0 1106 28. 36 34 .13 6 .10 8.26 60 3 6 11.5 10 .07 3.5 
(C) 

3 28. 39 34 .16 6.04 8.17 94 6.3 5. 30 51.5 

6 28. 38 34 .19 6.00 8 .16 100 6.6 7.91 1.0 

10 28.38 34.20 5.98 8.16 100 15.5 3. 70 45.0 

15 28. 38 34 .21 5.94 8 .15 100 

20 28.38 34 .21 5.93 8 .15 100 



CRUISE: NOAA-OMPA-Van Camp/Star-Kist 
American Samoa 

VESSEL: Autele DA'.rE: 20 July 1982 

WEATHER: Clear, Sunny, south wind SBA STATE: long swells, 10ft. ·rrnE: Low 1255 ,-0 .9ft. 

Station Depth Time Temp Sal DO pH %T Secchi FU NH3 BOD TOC 
(Map/Site) m oc 01

00 
mg/l m 1-lfl-at/l mg/l mg/l 

TS 2 0 1117 28.37 34 .12 6.05 8.17 50 2 8 12.1 12 .10 2.5 
(D) 

3 28. 39 34 .16 5.98 8.16 87 11.2 10 .57 1.5 

6 28. 38 34 .16 5.86 8.15 96 8.8 6.87 1.5 

10 28. 36 34 .18 5.93 8 .14 96 2.3 2.90 110 .o 
15 28. 37 34 .20 6.02 8 .18 98 

20 28. 36 34. 21 5.93 8 .15 100 

TS 3 0 1132 28. 35 34 .00 5.95 8 .16 20 1 8 19.9 15. 47 2.0 
(E) co 

3 28 .40 34 .17 5.96 8.16 87 9.6 7. 79 1.0 '° 
6 28.41 34.20 5.95 8 .15 96 5.7 5 .16 40.0 

10 28. 38 34 .22 5 .9 3 8.15 97 1. 7 2 .16 17 .0 

15 28.37 34 .21 5.54 8.14 96 

20 28. 38 34 .22 5.92 8 .16 98 

TS 4 0 1142 28.29 34 .o 1 6. 32 8.23 10 1.5 7 24.4 17. 77 7.5 
(F) 3 28.40 34 .17 6 .03 8 .16 54 26.4 16 .97 6 7 .0 

6 28.40 34 .19 6.01 8.15 88 12.0 9.33 7.0 

10 28.41 34 .20 6 .01 8.15 96 8.7 6. 80 1.5 

15 28. 38 34 .21 5.99 8 .16 96 

20 28.38 34 .20 5.93 8 .15 97 



CRUISR: NOAA-OMPA-Van Camp/Star-Kist VESSEL: 
American Samoa 

Autele DATE: 20 July 1982 

WEl\'rl!EH: Clear, Sunny, south wind SE!\ S'r J\'rJ1! : Long swells, 10ft . '!'IDE: Low 1255 ,--0 .9ft. 

Station Depth Time Temp Sal DO pH !tT Secchi FU NI:l .3 BOD TOC 
(Map/Site) m oc o/ mg/Z, m 1-lG --at/l mg/Z, mg/Z, 

· 00 

TS 5 0 1151 28.42 34 .16 5.95 8 .14 89 4 6 3.b 3,26 56.0 
(G) 3 28.44 34 .17 6.02 8.13 85 3.7 3.95 110.0 

6 28.41 34 .19 5 .86 8.13 88 4.2 4.44 110.0 

10 28.41 34 .20 5. 89 8.14 88 4.2 3.80 0.0 

15 28. 39 34. 20 5 .89 8.14 98 

20 28. 38 34. 20 5 .91 8 .15 95 

TS 6 0 1202 28. 39 34 .15 5.94 8. 21 53 3 4 7.7 6.16 90.0 

(H) rn 
3 28.42 34 .18 5 .91 8.16 79 8.3 6.07 3.0 ,__. 

0 

6 28 .41 34 .19 5.89 8 .15 89 4.5 5.82 4.0 

10 28. 39 34.20 5 .91 8 .15 95 3.5 3.03 8.5 

15 28. 38 34 .20 5 .9 3 8 .16 96 

20 28. 38 34 .21 5.92 8.16 98 

TS 7 0 1215 28.42 34 .16 6 .03 8.31 78 7 4 3.0 3.79 9.5 

(I) 3 28.41 34 .18 6.05 8 .21 92 4.0 3.6 3 2.5 

6 28 .41 34.18 6 .10 8 .19 95 4.0 2.66 33.0 

10 28.38 34 .19 5.94 8.17 95 2.6 2.24 100 .o 
15 28.37 34. 20 5.89 8.16 96 

20 28. 36 34.21 5.92 8.16 96 



CRUISE: NOAA-OMPA-Van Camp/Star-Kist 
American Samoa 

VESSEL: Autele DATE: 20 July 1982 

WEATHER: Clear, Sunny, south wind SEA STATE: Long swells, 10 ft. TIDE: Low 1255 ,-0. 9ft. 

Station Depth Time Temp Sal DO pH %T Secchi FU NH.3 BOD TOC 

(Map/Site) m oc 01
00 

mg/l m l.10-at/l mg/l mg/i 

TS 8 0 1232 28.37 34.09 6.02 8.26 85 7 4 4.0 3.93 31.5 
(K) 3 28.45 34.20 6.06 8.20 92 5.6 3.69 1.5 

6 28.45 34. 22 6.03 8 .19 98 4.4 3.97 2.5 

10 28.40 34 .20 6.01 8 .18 100 3.1 2.54 0.0 

15 28.40 34 .21 5.98 8.18 100 

20 28. 39 34 .21 5. 91 8 .18 98 

TS 9 0 1244 28 .43 34 .13 5.99 8. 37 85 4 4 10.l 4.47 0.5 co 
(L) >-' 

3 28.48 34 .19 6.03 8.22 85 6.2 5.05 2.5 >-' 

6 28.45 34 .19 5.95 8 .19 87 3.9 3.52 2.0 

10 28 .41 34.20 5.97 8 .18 95 3.9 3. 72 53.0 

15 28. 39 34.20 5.90 8 .18 95 

20 28. 38 34.22 5.87 8 .17 96 

cs 1 0 1330 28.49 34 .16 6.07 8.47 85 < 15 3 1. 7 2.74 0.5 
(M) 3 28.49 34.20 6 .19 8.31 96 2.3 3.57 54.5 

6 28.49 34 .22 6 .15 8.28 98 1.9 4.27 33.5 

10 28.45 34. 20 6.05 8.26 97 1.8 2 .14 51.5 

15 28.44 34 .20 6.01 8.24 100 

20 28.44 34 .21 5.97 8.24 99 



CRUISE: NOAA-OMPA-Van Camp/Star-Kist, Samoa VESSP.L: Autele DATE: 20 July 1982 

WF.ATllER: Clear, Sunny, south wind SEA. S'fJ\'!'I:;: Long swells, 10 ft. TIDE: Low 1255 ,-0. 9ft. 

Station Depth Ti~ Temp Sal DO pH %T Secchi FU NH .'3 BOD TOC 

(Map/Site) m oc 01
00 

rJJg/l m lJB-at;/l mg/l mg/l 

TS 10 0 1401 28.48 34 .19 5 .93 8. 34 90 4 4 3.0 3.67 29.5 
(N) 

3 28.48 34 .19 5.87 8 .27 90 3.8 3.84 o.o 
6 28.47 34.20 5.80 8.24 90 7.5 3.75 0.5 

10 28 .43 34 .20 5. 79 8.22 90 3.2 3.35 0.0 

15 28. 39 34 .18 5.85 8.22 98 

20 28. 39 34 .19 5 .83 8.22 97 

TS 11 0 1413 28.41 34 .16 5.90 8 .19 88 6 4 4.5 3.49 o.o co 
(0) ...... 

3 28 .41 34 .17 5.88 8 .18 92 3.0 3.60 o.o r--:i 

6 28.4 7 34 .19 5.85 8 .19 93 2.7 3.49 0.0 

10 28.43 34 .20 5.84 8 .19 95 2.6 3.52 o.o 
15 28. 39 34 .20 5.85 8 .18 98 

20 28. 38 34 .21 5.84 8 .19 97 

TS 12 0 1427 28.45 34 .15 5.92 8 .17 87 10 4 3.7 2 .86 0.0 
(P) 

3 28.48 34 .18 5.94 8.18 93 2.5 2 .68 0.0 

6 28.48 34 .19 5 .97 8 .18 96 2.3 3 .15 0.5 

10 28.45 34. 20 5.87 8 .18 96 1.8 2.60 0.0 

15 28 .41 34 .20 5.85 8 .18 98 

20 28.40 34 .20 5.86 8 .18 98 



CRUISE: NOAA-OMPA-Van Camp/Star-Kist, Samoa VESSEL: Autele DATE: 20 July 1982 

WEATHER: Clear, Sunny, south wind SEA STATE: Long swells, 10ft. TIDE: Low 1255,-0.9ft. 

Station Depth Time Temp Sal DO pH %T Secchi FU NH.3 BOD TOC 

(Map/Site) m oc 01
00 

mg/l m µg~at/l mg/l mg/l 

TS 13 0 1440 28 .41 34 .18 6.02 8.37 93 12 3 1.8 2.62 o.o 
(Q) 

3 28.46 34 .20 5.95 8.23 94 4.5 1.81 1.5 

6 28.44 34 .20 5.95 8.20 94 2.3 2. 70 54.5 

10 28.42 34. 21 5.87 8 .20 95 2.4 1.56 0.5 

15 28. 39 34 .21 5.86 8.20 97 

20 28. 39 34 .21 5.87 8.20 98 

TS 14 0 1452 28 .43 34 .17 5.94 8 .19 92 14 3 1.8 2 .19 17.5 '.J:J 

(R) ....... 
3 28.49 34 .19 5.92 8 .18 95 1.8 3.47 8.0 

w 

6 28.46 34 .22 5.88 8 .18 96 5.1 2 .07 9.5 

10 28 .4 3 34 .21 5.84 8 .19 98 2.1 4 .03 30 .0 

15 28 .41 34 .23 5.87 8.19 98 

20 28.40 34. 21 5.85 8 .19 97 

TS 15 0 1502 28.47 34 .18 5.96 8 .18 91 10 3 2.5 3.12 24.0 
(S) 

3 28.50 34 .19 5. 93 8 .18 94 2.5 2.88 21.5 

6 28.50 34 .20 5.95 8 .17 93 2.1 3.02 11.0 

10 28.44 34.20 5.94 8.18 98 2.4 3.13 29.0 

15 28.42 34 .22 5 .86 8 .18 98 

20 28.40 34 .19 5.84 8 .18 97 

Raw 
Waste 51,000 339,000 67,000 



CRUISE: NOAA-OMPA-Star-Kist Samoa VESSEL: Autele DA'l'E: 23 July 1982 

WEl\Tlllrn: Hot, calm with gusts, 2-6k. SEA S'rl\'l'E: Long swells, 8-l0ft TIDI:~: Low 15 30 , -,.Q • 5 ft 

Station Depth Time Temp Sal DO pH %T Secchi F'U NH BOD TOC 
(Map/Site) m oc 01

00 
mg/l m lJfl~at/l mg/l mg/7, 

CN A 0 0933 28.28 34 .22 6. 78 8.22 98 15 1 
(1) 

3 28.27 34 .25 7. 70 8.24 

6 28.26 34.22 7.27 8.24 98 

10 28.26 34.27 7 .08 8.26 99 

15 28.26 34 .28 7.09 8.25 98 

20 28.26 34. 30 7.09 8.25 99 

TP 0 0954 28.24 34. 25 7 .16 8.27 15 1 
(2) 0::, 

3 28.23 34.25 6.84 8.26 ,. .... 
+:> 

6 28.24 34.29 6. 75 8.25 

10 28.24 34 .29 6.66 8.25 

15 28.24 34. 30 6.55 8.26 

20 28,24 34. 30 6.54 8,26 
* 
TS A 0 1056 28. 36 34 .27 5.52 8.23 2 5 
(4) 

3 28.31 34. 30 6. 70 8.24 

6 28.26 34. 30 6. 70 8.25 

10 28.24 34. 30 6.72 8.26 

15 28 .24 34. 30 6.73 8.26 

20 28.23 34. 32 6.23 8.26 

*(3) 1033 Drogues only, no measurements 



CRUISE: NOAA-OMPA-Star-Kist Samoa VESSEL: Autele DATE: 23 July 1982 

WEATHER: Hot, calm with , 2-6k. SCA STATE: Long swells, 8/lOft TIDE: Low 1530, -0.Sft 

Station Depth Time Temp Sal DO pH %T Secchi FU NH.3 BOD TOC 
(Map/Site) m oc 01

00 
mg/l m µg-:at/l mg/l mg/l 

TS B 0 1114 28. 36 6.65 8.22 2 5 
(5) 

0 1115 6. 70 

0 1116 6.71 

0 1116 .5 6.69 

0 1117 6.68 

0 1117.5 6. 70 

0 1118 6. 74 
co 

TS C 0 1119 28.29 34.28 6.58 8.25 2 
....... 

5 U1 

(5) 
3 28.28 34. 30 6.56 8.25 

6 28.26 34. 30 6.62 8.25 

10 28.25 34. 32 6.50 8.26 

15 28.24 34. 32 6.60 8.26 

20 28.24 34. 34 6.64 8.26 

TS D 0 1135 28. 35 34. 28 6.25 8.25 2 6 
(6) 

0 1136 6.40 

0 1137 6.43 

0 1137.5 6. 32 

0 1137 .8 6. 30 

0 1138 6. 30 

0 1138.5 6.40 

0 1139 6.45 



CRUISE: NOAA-OMPA-Star-Kist Samoa VESSEL: Autele DATE: 23 July 1982 

14.JEATIIEH: Hot, calm with gusts, 2-6k SEA S'l'l\TE: Long swells , 8-lOft TIDE: Low 15 30 , - O . 5 ft 

Station Depth Time Temp Sal 00 pH %T Secchi FU NH0 BOD TOC 
(Map/Site) m oc 01

00 
mg/Z, m w-at/l mg/Z, mg/l 

TSE 0 1141 28. 37 34.28 6.68 8.27 3 6 
(6) 

3 28.33 34. 30 6.64 8.26 

6 28.25 34. 32 6.68 8.26 

10 28.24 34. 32 6.65 8.26 

15 28.24 34. 33 6.66 8.27 

20 28.23 34. 35 6 .63 8.27 
* (7} 

TS F 0 1157 28.59 34.25 6.62 8.25 4 4 co 

(8) 
....... 

3 28 .29 34. 31 6.66 8.26 
0) 

6 28.26 34. 31 6.41 8.26 

10 28.25 34. 32 6.41 8.27 

15 28.25 34. 32 6 .51 8.27 

20 28.25 34. 32 6.41 8.27 

TS G 0 1206 28.44 34 .27 6.62 8.25 14 3 
(9) 

3 28.31 34. 30 6.65 8.26 

6 28.26 34. 30 6.66 8.27 

10 28.24 34. 31 6.53 8.27 

15 28.24 24. 32 6.42 8.27 

20 28.24 34. 31 6 .41 8.27 

*7 1151 drogues only 



CRUISE: NOAA-OMPA-Star-Kist Samoa VESSEL: Autele DATE: 23 July 1982 

WEATHER: Hot, calm with gusts, l-6k SE!\ S'rl\TE: Long swells' 8/lOft TIDE:Low 1530, -0.5ft 

Station Depth Time Temp DO pH 'tT Secchi FU NH
3 

BOD TOC 
(Map/Site) m 0 mg/l m w-at/l mg/l mg/l 

TS H 0 1216 28. 54 34 .28 6.48 8.25 15 1 
(10.) 3 28. 36 34. 33 6.47 8.27 

6 28. 30 34. 31 6. 39 8.27 

10 28.28 34. 31 6 .45 8.28 

15 28.26 34. 31 6. 34 8.27 

20 28.25 34. 31 6. 35 8.28 

TS J 0 1225 28.52 34 .29 6.27 8.24 12 3 
(10) 0:, 

3 28. 34 34. 31 
...... 

6.40 8.26 ...__. 

6 28.29 34. 31 6.43 8.27 

10 28.25 34. 31 6.50 8.27 

15 28.25 34. 30 6. 35 8.27 

20 28.24 34. 30 6. 38 8.28 

cs 0 1257 28.78 34. 30 6. 37 8.27 15 1 
(11). 

3 28.25 34. 30 6. 37 8.28 

6 28.27 34. 30 6. 38 8.27 

10 28.25 34. 30 6. 39 8.29 

15 28 .23 34. 30 6.41 8.29 

20 28.23 34. 30 6.21 8.29 

12, 13 drogue positions 
14, l 7 slick positions 
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C2 

Star-K(st Foods,/nc. 
TERMINAL ISLAND, CALIFORNIA 90731 

November 2, 1981 

Mr. Eric Yunk.er, Permits Branch 
Environmental Protection Agency E-4 
Region IX 
215 Fremont Street 
San Francisco, CA 94105 

Cable Address "FRENCHSACO" 

Telex: 68-6265 

Answerb.a<:k: Star-Kilt Term. 

RE: OCEAN DUMPING PERMIT No. OD 79-01/02 (PEA 4-5) 

Dear Mr. Yunker: 

This is to confirm our telephone conversation on October 30, 1981 in which we 
discussed a revised scope of work on the impact assessment required to fulfill 
Special Condition 9d. 

Our original proposal consisted of making two.site visits, one during the "wet". 
season (November-March) and one during the "dry" season (June-September). Two 
locations would have been monitored: a baseline or reference station approximately 
one mile from the interim site and the dump site itself. We proposed to measure 
the following parameters in the water column: dissolved oxygen, temperature, pH, 
salinity, Ammonia, BOD or COD, color and make visual observations. Your response 
indicated that two additional sample locations and additional parameters would be 
necesc,ary. 

As we discussed subsequently, it is our belief that one or two fairly conservative 
parameters should be sufficient to demonstrate the fate of the dumped material in 
terms of dilution versus spatial reference. Although TOC/COD and Ammonia are not 
normally considered conservative parameters they would not be expected to change 
significantly during the 2-4 hours over which sampling would occur. We now propose 
to analyze samples of the dumped material (dissolved air flotation sludge) and 
background water for the full list of parameters contained within special conditions 
paragraph 9a of the original perm.it. These include: pH, bulk density (sludge), 
suspended solids, volatile suspended solids, TOC, aluminum, mercury, total phosphorus, 
total Kjeldahl nitrogen, BOD5, oil and grease, MBAS and cadmium. Additionally, the 
parameters contained in our original proposal will be measured at four locations: 
the center of the dumpsite, at the edge of the interim site nearest land, approxima
tely one nautical mile up-current from the disposal site and approximately one nau
tical mile down-current from the site. Samples would be taken in duplicate at a 
minimum of four depths. Two site visits shall be made, as originally proposed. It 
is our intention to obtain several comparison analyses for TOC, BOD and COD so that 
the ratio of TOC to BOD and/or COD can be determined with a good degree of reliability. 
The remoteness of the location makes shipment of large volumes of samples impractical 

.. I . . 



• 
Star-Kfst Foods.Inc. C3 

SUBSIDIARY OF' H. J HEINZ COMPANY 

Mr. Eric Yunker -2-

and we do not feel that freezing samples for BOD analyses is appropriate. 

We intend to proceed with field work preparation as soon as possible so that 
your prompt verification of the sufficiency of this revised proposal would 
be appreciated. 

If this letter does not accurately reflect the substance of our conversation 
on October 30, please telephone me at (213) 548-4411, extension 2657 as soon 
as possible. If I do not hear from you by November 10th I will assume that 
the EPA is in agreement with this scope. 

JRN:rg. 

cc: Bob Diehl, 
Van Camp Seafoods 
11555 Sorrento Valley Rd. 
San Diego, CA 92121 

D. Ballands 

BCC: Dr. Dorothy Soule, USC 

Sincerely yours, 

STAR-KIST FOODS, INC. 

. /l JH{l iv.v I 

\~{
1 / 

ey • · l~n, Man~ger 
!furlfon ental Engineering 



C4 

UNITED ST.l\TES ENVIRONMENTAL PROTECTION E;'-JCY 

REGION IX 

OCl ~ 1981 

21 5 Fremont Street ; 

San Francisco, Ca. 941 ci 

Mr. Jeffrey R. Naumann, Manager 
Environmental Engineering 
star-Kist Foods, Inc. 
582 Tuna Street 
Terminal Island, CA 90331 

IN REPLY 
REFER TO: 

Re: Ocean Dumping Permit No. OD 79-01/02 
Paragraph 9d of the Special Conditions 

Dear Mr. Naumann: 

.-.,., , ..... T 

u,-....~""......._·~••n.:. .,..., ... .i ... 

E-4-2 
PEA 4-5 

The Environmental Protection Agency has reviewed your proposed 
Scope of Work for the completion of the environmental trend 
assessment to be used for the final site designation for 
ocean dumping in American Samoa. This review has been made 
in respect to 40 CFR 228.13 which provides the guidelines for 
developing this assessment. 

The comments below reference each aspect of the guidelines, 
noting the adequacy or inadequacy of your specific proposal. 
EPA approves of this Scope of Work for both Star-Kist and van 
Camp Seafood provided that the following recommendations are 
included as part of the proposal. 

a) Timing. Adequate 

b) Duration. Adequate 

c) Numbers and Locations of Sampling Stations. Inadequate 
Two more sampling stations are necessary, in addi

tion to the two which you have proposed, to adequately 
characterize the disposal site and control area environ
ments. One additional station is needed at the edge of 
the boundary of the disposal site where the plQ~e is 
expected to be carried by any persistent currents. 
Another additional reference station, outside of the 
disposal site, is needed. One of the reference stations 
should then be located downcurrent of the dumpsite and 
the other upcurrent. 

\ 



d) 

C5 

-2-

Measurement in the Water Column at and near the Dumpsite. 
Inadequate 

The extent of the disposal plume should be accurately 
categorized in terms of both surface area and depth. In 
this regard, the increments of the proposed depth measure
ments need further definition (i.e., How many and at what 
intervals?). 

The parameters proposed to be measured should include 
all of those required in Special Condition 9(a) of the 
permit. In addition, the BOD tests should be performed 
regardless of the availability of sufficient laboratory 
capacity in American Samoa. The samples may be frozen 
for transport to other available laboratories. 

Measurements of the Benthic Region. Adequate 

f) Other Measurements. Adequate 

g) Survey Procedures and Techni~ues. Adequate 
The methodology propose for the analyses of the para

meters contained in Special Condition 9{a) of the permit, 
but not listed in your proposal, should be included. 

In addition, the Scope of Work should include the following 
information: 

1) A report based on observations made during monitoring 
stating whether or not the fishwastes attract nuisance 
species (e.g., sharks). 

2) A description of the extent of any adverse impacts to the 
marine environment determined to be attributable to the 
chemical additives contained in the fishwastes. 

Should you have any further questions regarding this matter, 
please contact Mr. Eric Yunker of my staff at (415)556-3454. 

Sincerely yours, 

:,J~J/~ 
William H. Pierce 
Chief, Permits Branch 
Enforcement Division 

cc: Marine Protection Branch (WH-585) 
Bob Diehl, Van Kamp Seafood 
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'' e 24, 1981 

'·;r. r:c '-'u:-,1,er, ?eruits Branch 
c ~al ?rcte~ticn 

;:- ;icon X 

2 5 ·· ~cnt Street 
S :~ n Fr; : , c is co , CA 9 410 5 

Dear ~1r. Yunker: 

cy 

"-CO" 

OCEA .. "J JC".'1PING PER...1'111 NO. OD 79-0l./ 02 S?ECI AL 

?RC.POSED SCOPE OF \..'ORK ON I.'1PACT :\SSESS.'li:NT 

As you know, Paragraph 9d of the Special Conditions of the subject permit requires 
the ?ermittee (Star-Kist Samoa, Inc. and Van Camp Sea Food Co., jointly) to develop 
a" .... scope of work for the completion of the environ~ental assessment on the 
iI?act of the use of the site for disposal." This work would enable EPA to prepare 
an appropriate envi ror ... '7ental document (EIS or negative declaration) prior to ob
taining a final site desi ion in A::nerican Samoa. This letter has been reviewed 
by both Van Camp Seafoods and Star-Kist, and we have agreed that this will be our 
joint SL~~ittal under Paragraph 9d of the Special Conditions. 

The permittee has been dumping DAF sludge at the rate of about 20,000 to 30,000 

6allons per day at the interim site since December 1980. Discharge occurs at a 
rate of 500 gallons per minute at a vessel speed of 5 knots to obtain :naximum 
a1spErsion of the material. The special permit allows disposal of up to 51,700 
~allons of DAF sludge, 25,740 lons of cooker juice and 23,790 gallons of press 
liquor per The disposal site is a one nautical mile diameter circle with its 
center at 14°22'00" S.lat., 170°41'00" W. longitude. 

Ihe Ocean Dumping Regulations (FR Jan. 11, 1977), under Section 228.13, describe 
the content of the trend assessment survey that is to be undertaken as a part of all 
ocean ciu~p site designations. As this particular dumping operation takes place 
in i,,;atE::rs that are essentially "deep open ocean", we would expect that certain for::ns 
of mor.j tc,ring typically performed would not be appropriate. The following is our 
prcposed scope of assessment monitoring that would be completed to fulfill the re
quirements of Para 6raph 9d of the special conditions of the permit. I shall address 
2ach aspect of Section 228.13 in turn. 

2) ~1::::_ng. The :::2seline survey was accomplished in February and July of 1979. 
Th~s should have encompassed the "wet" and " 
~J~?cses of measuring water quality parameters. 

" seasons ir. A.tilsri can Samoa for 
The original jase:ine survey 

of 100 feet. ·,;e ·~·(,1,ld expect 
one in ~he rnonrhs of June-

f c, ,.:n c no ;..· a t e r c o 1 umn s t r a t if i ca c i on t: o a t r. 
.::c ::.2ke ;::-;,;o field evaluations in . .;.merican Sa.moa: 
SE::,:;::=:::ie:::- anci one in ::he months ;~cve,r:oer-!-'".arch. 
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· .. ,t_ or c,,,d i-,pid currents 
~~i~g de;:,csited upon the 

C7 _,.,_ 

, ! L t_ 

c) _ ~-~::-_s _ _:,~_ci__l:''-c_a_tioi!S oJ_ <::::::::-:-ili:-:c:, Lta__t_:i_c,:-_~- .• ::: .c: .. ;--,·,:t t:'.-:'-ct c •e s~2t.:iL,n at the 
c,nter of the dis~csal area in =:Jition tonne reffr~nre ~~~t:ion lo~at~d 1bout 
l . 2 n ,, u t i c a 1 mi 1 es a, . .- a y at 14 ° 21 ' 3 4 11 S . : ,1 t i t , , de , :i. 7 'J O 

- 0 ' :, J" \.J • 1 c, n.::; i tu de sh,, 111 d 

c:--.2r 6e plu;;ie, as deterr::ined in the field under cc-:-.;in:; c,.,-,ditj:ns. 

d) '.-'..::2sure;..ent in the 1•:ater Coh:;::in at a:1d near the J?tS"'_5}~- Ini t::.al ran.ge fi~c;er 
tests will determine the extent of the dispcsal ;:,:,~:Je. ~'.c2~urc:--::nts of tc::::-;:,era
ture, salinity, pH, dissolved oxygen, a2,--;;onia, color and :C,OD or COD will be ~ade 
at several depth increuents thrcu 6 hout the ;:,lu~e. "I'he e:<ent of oxygen depletion 
vs ti;.1e will be measured. Due to the re:7ioteness of the site, Cf'"='U:ical oxygen 
(COD) demand may be performed at a stateside laboratory. Alter~atively, 5-day 
50D tests rr::ay be performed in A.J.cerican Samoa if sufficient labcratory capacity 
is available. All other tests will be perfomed in-situ or on b~,ard the survey 
vessel. Tuo surveys would be sade at about six □onths a~art, as above. 

e) Measurements of the Benthic Region. Due to the great depth (over 4000 ft.) of the 
disposal site and rapid current velocity, we would not expect that the discharge 
would have a measurable effect upon the benthos. 

f) Other ~easurements. The currents were previously ~easured in ciro;ues during the 
baseli:1e survey. The present routine monitoring program during actual du:::iping 
has indicated that the material rapidly sinks below the surface and has not been 
observed along the shoreline. 

Observations will be ~ade for the sea state, ~ind conditions and the fate of any 
floating solids or slick formed resulting from the actual d:.i:::ipi:1g operation. 

g) Survev Procedures and Techniques. The methodology pr □ ?osed are as follows: 

Temperature 
Salinity 
pH 
Dissolved Oxygen 
Arr.moo ia 
Color 
Visual Observations 
COD or BOD 

'.'-'.ar:: eK ?robe 
" 11 

n II 

II " 
Grab Sample/:on electrode 

Forel-(~le scale 

Grab Sa~ple!S:an~ard Methods 

h Ouali::v Assurance. Split sa:::i?les ~ill be sub~itted to EPA or ot~er laboratories 
i~ reouesce6. Dissolved oxygen crobe will be calibrace6 ~ailv 2g2inst 2 ~inKler 
::i:r2tion. Other proDes will be calibrated ciail:-: 2;2if'SI ;.;:-,c-_,-r: s~"ncards. 
cor ce~LS ~ill be run pa~tially in ciu?licace. 

I 
••I • • 
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d ceptability of the proposed scope of work. 
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Sine rely, 
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l '~,0-1, v.:e 1--~~-pe 
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o c i s c ~: s s t be 

STAR-KIST FOODS, I~C. 

, 
VJR.1'J: rg. 

cc: D. Ballands 
Bob Diehl, Van Camp, San Diego 
Frank Hackman, Ralston-Purina 
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TERMINAL ISLAND. CALIFORNIA 90731 

Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont St. 
San Francisco, CA. 94105 

December 17, 1980 

RE: Ocean Dumping Permit NO. OD 79-01/02 Special 

Dear Chris: 

Cable Address "FRENCHSACO" 

Telex: 68-6265 

Answerback: Star-Kist Term. 

Paragraph 9a of the Special Conditions of the subject permit 
would require that the permitee fulfill monitoring of the sludge 
material dumped. That section specifies that analyses for PH, 
bulk density, suspended solids, volatile solids, total organic 
carbon, aluminum, mercury, total phosphorus, total kjeldahl 
nitrogen, BOD 5 , oil and grease, MBAS and cadmium be performed on a 
quarterly basis. Since American Samoa is several thousand miles 
from the nearest commercial laboratory and since our laboratory 
and staff on the island are not capable of completing all these 
analyses, we would ask that the list be trimmed to accomodate 
only those parameters that can be monitored on-island. Our lab
oratory staff and equipment are set up to perform analyses of the 
following parameters: 

pH 
Bulk Density 
Total Solids 
Total Phosphorus 
Total Kjeldahl Nitrogen 
BOD 5 
Oil and Grease 

We would therefore request that the list of parameters required 
for quarterly analysis include only those constituents that can be 
accomplished with existing staff and equipment. Since the sludge 
material to be dumped has been determined to not be accutely toxic, 
and since we would not expect any dramatic changes to occur in the 
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quality of this material, we believe that those parameters that 
can be monitored in American Samoa, are sufficent to show whether 
any changes in the quality of the sludge material are occuring. 

If you have any comments relative to this request, please 
contact me directly. 

Sincerely, 

STAR-KIST FOODS, INC. 

' f 1 /u. , (L.ll, 1r'{'-----
e y lmann, Manager 

ronjntal Engineering 

JRN/lf 

cc: Dave Ballands, Star-Kist Foods, Inc. 
F. Hackman, Ralston Purina 
Larry Krogsdale, Star-Kist Samoa, Inc. 
Alan White, Star-Kist Samoa, Inc. 
Judy McGonigal, Star-Kist Samoa, Inc. 
Bob Diehl, Van Camp Seafoods, San Diego 
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TERMINAL ISLAND, CALIFORNIA 90731 

Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont St. 
San Francisco, CA. 94105 

December 17, 1980 

RE; Ocean Dumping Permit No. OD 79-01/02 Special 

Dear Chris: 

Cable Address "FR ENCHSACO" 

Telex, 68-6265 

Answerback: Star-Kist Term. 

Paragraph 9d of the Special Conditions of the subject permit 
would require that a scope of work be submitted within 120 days 
of the date of the issuance of this permit. This scope of work 
would cover completion of the Environmental Assessment of impact 
of the use of the site for disposal of cannery sludges. That 
assessment would provide sufficient information for the prepara
tion of either a Negative Declaration or Environmental Impact 
Statement#should EPA Headquarters require one. Since the actual 
date of initiation of ocean dumping has been delayed rons:iderablymore 
than originally hoped, we would request that a time extension be 
granted so that the development of this scope of work could be 
derived after actual dumping experience has been gained. 

In addition, since the National Oceanagraphic and Atmospheric 
Administration has expressed considerable interest in making an 
on-site visit to American Samoa to investigate the fate of dump 
materials in this instance, we believe it would be beneficial 
that their work be completed before this scope of work for any 
additional assessment is drafted. 

We have inquired as to what the cost might be of having a 
consultant make site visits to American Samoa and complete field 
work foward completion of this assessment. This would be some
where in the neighborhood of $10,000. per visit. Since this is 
a considerable amount of money we believe that an extension of 
the deadline for the development of this scope is warranted so 
that costs can be kept to an essential level. 
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At this time, it would seem that NOAA plans to make their 
visit to American Samoa in the last week or two of January, 1981. 
We would expect that reduction of data from that visit may take 
approximately three months. This would mean that we could expect 
to have a useable compilation of the data, or report, somewhere 
around the first of May; or, an additional 120 days past the 
original deadline of January 1, 1981. At least another 30 days 
would be required to review the NOAA report and come up with a 
reasonable scope of work for further assessment, if required. 
Therefore, we would ask for an extension of 150 - 180 days to 
fulfill the requirements of special condition 9d. 

Since the interim site designation of this permit is for a 
period of 3 years we believe that there is sufficient time within 
this period to develop a proper scope of work and complete the 
assessment, leaving sufficient time for EPA to develop any 
environment a 1 d o cum en t s th a t may be r e q u ired t ow a rd ar rl vi n g at a 
permanent ocean dumping site designation. 

As January 1st is close at hand, we hope that you will be 
able to consider this request for extension within a short period 
of time. If you have any questions on our request, please contact 
me directly. 

Sincerely, 

STAR-KIST FOODS, INC. 

c:.~Li~f }11 {lll1'n(l1_.,,.-
e ey ~-- iaumann, Manager 
n · on ental Engineering 

JRN/lf 

cc: Dave Bal lands, Star-Kist Foods, Inc. 
F. Hackman, Ralston Purina 
L. Krogsdale, Star-Kist Samoa, Inc. 
Alan White, Star-Kist Samoa, Inc. 
Judy McGonigal, Star-Kist Samoa, Inc. 
Bob Diehl, Van Camp Seafoods, San Diego 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

Dave B3.llands 

215 Fremont Street 

San Francisco, Ca. 94105 

General Manager, Engineering Services 
Star-Kist Fcx:xls, Inc. 
Terminal Island, ca 90731 

F . l-f. Hackmann, Director 
Environrrental Affairs 
Corporate Engineering 
Palston Purina Co. 
Checkerb:Jard Square 
St. Louis, Missouri 631B8 

Dear Messers . .Ballands and Hackmann: 

In Reply 
Befer to: 

1 0 Si:? ·,~~J 

In acoordance with the provisions of the Marine Protection, 
Reasearch, and Sanctuaries Act (33USC 1401 et. seq.), the 
Environrrental Protection Agency has reviewed the following 
applications for an Ocean Dumping }?eilTtit. 

Applicant 

Van Camp Sea Food Co. 
Star-Kist Sarroa, Inc. 

Pennit tb. 

Joint 
OD 79-01/02 

This Agency has published a public n::,tice of tentative 
determinations regarding the al:xJve applications. After con
sideration of the expressed views of all interested persons 
and agencies, :i;:,ertinent Federal statutes and regulations, 
and State action regarding ccmrents or certification of the 
proposed action, the Regional Administrator had made his final 
determinations. 

Pursuant to 40 ci=;'R 221.1, the Regional Administrator is issuing 
a joint permit to these applications, inclu:iing certain terms 
and oonditons which he has determined are necessary to carry 
out the guidelines and requirerents of the Act. This action does 
not constitute a significant change fran the tentative detennin.a
tions set fo::th in the public notice. 

E-4-2 
PEA 4-5 
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No ocean durrping ma.y take place urrler this permit until the 
Acl:mi.nistratar has designated an approverl interim dis:i;:osal site. 
W:: expect that a prop:,sed site designation will be published. in 
the Federal Register shortly and that there will be a 60 day 
carrrent i:erioo. A final detennination on the prop::,sed. site will 
follow ccmpletian of the review of all public ccmnent. 

Should you have any questions regarding this ma.tter please 
contact Mr. Chris Vais at (415) 556-3454. 

Sincerely yours, 

William H. Pierce 
Chief Pe:r:rnits Branch 
Enforca:rent Division 

cc: CO'mlander (mep) C'GD 14 
Comlanding Officer USCG Station Pago Pago 
V'lJ!FS - Honolulu 
CX)E - Honolulu 
NWF 
Diehl Van Camp (certified. ma.il) 
Faiai GAS 
Richrcond GAS (certified. ma.il) 
Van Camp Azrerican Sarroa (certified. ma.il) 
Star-Kist Azrerican Sanoa (certified ma.il) 



Cl5 

Certified Mail No. 474981 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

Pati Faiai 

215 Fremont Street 

San Francisco, Ca. 94105 

Executive Secretary 
Environmental Quality Ccmnission 
Office of the Governor 
Pago Pago, American Sarroa 96799 

Dear Mr. Faiai: 

In Reply'E-4-2 
Refer to: PEA 4-5 

"1 0 s::-n 19 60 

Enclosed is the Ocean Durrping pennit issue:i jointly to Star-Kist 
arrl Van carrp. Although the pennit has been issued, no dumping 
may take place because designation of the ocean dumping site has 
not been canpleted by our headquarters office. 

The designation will very shortly be publisru:rl as a profOsed 
rule in the Federal Register, with a 60 day c:ament F,ericxl. A 
final determination on the proposed designation will be made ui:on 
ccnpletion of review of all a:mnents which have been sul::mitted. 

We will keep you advised as to the prO:Jress of the designation 
and will notify you when it has been carpleted. Sh:>uld :'.::t'OU have 
any questions regarding this matter please contact Mr. Chris Vais 
at (415) 556-3454. 

Sincerely yours, 

,,-, 

,/ / , I_ L,/ 
(_ <-UL i , ~ 
William H. Pierce 
Chief Pennits ~r. 
EnforCEm=I1t Division 

cc: Governor P. T. Colanan 
Van Camp, American Sanoa / 
Star-Kist, .Arrerican Sarroa ✓ 
Lyle Richrrond GAS 
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MARINE PROTECTION, RESEARCH AND 
SANCTUARIES ACT (OCEAN DUMPING) PERMIT 

PERMIT NO. AND TYPE: OD 79-01/02 

EFFECTIVE DATE: SEP O 3 1980 

EXPIRATION DATE: SEP 03 1983 

REAPPLICATION DATE: MAR 03 1983 

Special 

APPLICANTS: Star-Kist Samoa, Inc 
P.O. Box 368 
Pago Pago 

'American Samoa 96920 

WASTE GENERATOR(S): Star-Kist Samoa, Inc 
P.O. Box 368 
Pago Pago 
American Samoa 96920 

WASTE GENERATED AT: Star-Kist Samoa, Inc 
P.O. Box 368 
Pago Pago 
American Samoa 96920 

PORT OF DEPARTURE: Pago Pago 
Tutuila island 
American Samoa 

WASTE TRANSPORTER(S): Antony Steffaney 
Inter Island Transport 
Pago Pago 
American Samoa 96799 

Van Camp Sea Food Co 
Pago Pago 
American Samoa 96920 

Van Camp Sea Food Co 
Pago Pago 
American Samoa 96920 

Van Camp Sea Food Co 
Pago Pago 
American Samoa 96920 

and any person owning or operating a 
towing vessel employed for the purpose 
authorized herein. 

This permit authorizes the transportation and dumping into 
ocean waters of certain material pursuant to the Marine 
Protection, Research, and Sanctuaries Act of 1972, 33 
u.s.c. 1401-1444, (hereinafter referred to as "the Act"), 
regulations promulgated thereunder, and the terms and 
conditions set forth below. 
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GENERAL CONDITIONS 

1. All transportation and dumping authorized herein shall 
be consistent with the terms and conditions of this 
permit. The applicant(s), waste generator(~) and waste 
transporter(s) designated above shall be the permittees 
liable for compliance with such terms and conditions. 
The liability of each is set forth in the Special 
Conditions. Compliance by any permittee with one or 
more but less than all of the conditions with which 
such permittee must comply will not constitute a ground 
or grounds of defense in any proceeding against that 
permittee for violation of the provisions of this 
permit. 

2. Any person ·who violates any provision of the Act, the 
Final Regulations issued thereunder, or any term or 
condition of this permit shall be liable for a civil 
penalty of not more than $50,000 for each violation. 
Additionally, any knowing violation of the Act, Final 
Regulations, or permit may result in a criminal action 
heing brought with penalties of not more than $50,000 
or one year in prison, or both. 

3. a. Transportation to, and dumping at any location 
other than that authorized by this permit, shall 
constitute a violation of the terms and conditions 
of this permit. 

b. Transportation and dumping of any material more 
frequently than or in excess of that identified 
and authorized by this permit, or dumping of 
material not_authorized by thi~ permit, shall con
stitute a violation of the terms and conditions of 
this permit. 

c. Permittee will be liable for violations of any 
condition of this permit, and the existence of any 
contractual agreement as to responsibilities under 
this permit shall not relieve permittee of liabil
ity in the event violations of the permit occur. · 

4. Nothing contained herein shall be deemed to authorize, 
in any way, the transportation from the United States 
for the purpose of dumping into the ocean waters, into 
the territorial sea, or into the contiguous zone, of 
the following material: 
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a. High-level radioactive wastes. 

b. Materials, in whatever form, produced for 
radiological, chemical or biological warfare. 

c. Persistent synthetic or natural materials which 
may float or remain in siispension in the ocean. 

5. The applicant may not apply for, nor any permittee 
simultaneously hold, a permit from another EPA Regional 
office for any of the material to which this permit is 
applicable, nor may the applicant or any permittee 
transfer material from one EPA Region to another if a 
permit for the transportation or dumping of such 
material has been denied by one EPA Region. 

6. After notice and for a heari it 
may be modifjea, or revoked in whole or in 
~art, during its terro, as the result of a determination 
by the Administrator or Regional Administrator that: 

a. The cumulative impact of the permittee's dumping 
activities or the aggregate impact of all dumping 
activities at the dump site designated in the per
mit should be categorized as Impact Category I, as 
defined in 40 CFR 228.l0(c)(l); or 

b. There has been a change in circumstances relating 
to the management of the disposal site designated 
in the permit; or 

c. The dumping ~uthorized by the permit would violate 
applicable water quality standards; or 

d. The dumping authorized by the permit can no longer 
be carried out consistent with the criteria set 
forth in 40 CFR 227 and 228. 

7. The issuance of this permit does not convey any proper-
ty rights in either real or personal property, or any 
exclusive privileges, nor does it authorize any injury 
to private or public property or any invasion of 
personal rights, nor any infringement of Federal, State 
or local laws or regulations. 

8. This permit does not authorize or approve the construc
tion of any onshore or offshore physical structures or 
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facilities, or except as authorized by this permit, the 
undertaking of any work in any navigable waters. 

9. If the dumping of material which is regulat~d by this 
permit is dumped due to emergency to safeguard life at 
sea in locations or in a manner not in accordance with 
the terms of this permit, the permittee shall make a 
full report in accordance with the provisions of 
18 u.s.c. 1001, within 30 days to the Regional Adminis
trator of the emergency and the actions taken. 

10. The reporting requirements contained in this permit are 
in addition to any reporting requirements of any other 
State or Federal Agency. 

11. In the event any portion of the authorized dumping or 
transportation is done by a person, firm or corporation 
other than the named permittee, any and all reports 
required hereunder shall be jointly executed by both 
permittee and such other person, firm or corporation in 
accordance with the provision of 18 u.s.c. 1001 by an 
office or employee of such other person, firm or cor
poration. 

12. The performance of any transportation or dumping 
authorized by this permit, by any person, firm or cor
poration other than the named permittee shall not re
]_ieve permittee from full responsibility for compliance 
herewith, nor shall the existence of any contractual or 
other relationship between permittee and any other such 
person, firm or corporation operate to relieve either 
party from responsibility for compliance with this per
mit or the Act or both. 

13. Terms used in this permit which are defined in Section 
3 of the Act shall have the same meaning herein. 

14. The authorization of this permit does not preclude any 
legal action, nor relieve the permittee from any lia
bility, penalty or responsiblity for any other action, 
not expressly hereby permitted, which is otherwise 
prohibited by law. 

15. Each permittee shall at all times maintain in good 
working order and operate as efficiently as possible 
all facilities, including vessels, used by such per
mittee in achieving compliance with the terms and 
conditions of this permit. 
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16. !_his pe7roit, or a true cogy thereof, shall be placed in_ 
a cons 1cuous n the ve which will be used 
or the transportation and dumping authorized by this 

permit. If the dumping vessel is an unmanned barge, 
the permit or true copy of the permit shall be trans
ferred to the towing vessel or an additional true copy 
shall be available on board the towing vessel. 

17. Every scow or boat engaged in the transportation of 
wastes for ocean disposal shall have its name and num
ber painted in letters and numbers at least fourteen 
inches high on both sides of the scow or boat. The 
name and number shall be kept distinctly legible at all 
times, and no scow or boat not so marked shall be used 
to transport or dump any such material. 

18. The permittee(s) shall allow the Regional Administra
tor, the U.S. Coast Guard, and/or their authorized 
representatives, upon the presentation of credentials: 

a. To enter into, upon, or through the permittee's 
premises, vessels, or other premises or vessels 
under the control of the permittee, where, or in 
which, a source of material to be dumped is 
located or in which any records are required to 
be kept under the terms and conditions of this 
permit or the Act; 

b. To have a·ccess to ~and copy any records required to 
be kept under the terms and conditions of this 
permit or the Act; 

c. To inspect any monitoring equipment or monitoring 
method required in this permit; 

d. To sample any .materials discharged or to be dis
charged; and 

e. To inspect any dumping and navigation equipment 
installed on board any towing vessel, barge, or 
self-propelled vessel utilized in ocean dumping 
activities authorized under this permit. 

19. This permit shall be subject to suspension by the 
Regional Administrator or his delegate if he deter
mines that the permitted dumping has resulted, or is 
resulting, in imminent and substantial harm to human 
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health or welfare or the marine environment. Such 
suspension shall be effective subject only to the 
provisions of 40 C.F.R. 223.2 ~ ~-

The authorit db ·t at the 
iscretion of the Regional Administrator or his dele

gate, ~e transferred to a waste transoorter other than 
Shat (those) named herein, provided that a request for 
such a transfer be made, in writing, by the apolicant 
at least 10 days prior to the requested transfer date. 
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SPECIAL CONDITIONS 

1. The material to be dumped shall consist of waste mater
ials resulting from the operation of the permittee's 
fish-canneries on Tutuila Island, American Samoa. 

2. Description and Limitations: 

In accordance with all other terms and conditions of 
this permit, the permittee is authorized to transport 
for dumping and to discharge into ocean waters DAF 
sludge, cooker juice, and press water. 

a. Said materials shall not exceed the following 
limits: 

DAF sludge 
cooker juice 
press water 

51,700 gallons/day 
25,740 gallons/day 
23,790 gallons/day 

b. The transportation for dumping and the discharge 
of DAF sludge taken from sludge ponds on the is
land of Tutuila is prohibited. 

c. The transportation for dumping and the discharge 
of floatables, garbage, domestic trash, waste 
chemicals, toxic materials and solid waste is pro
hibited. 

d. Characteristics 

1. DAF sludge -
pH - 5.8 to 6.2 standard units 
bulk density - 0.773 to 1.017 gm/ml 
suspended solids - 9.6 to 21.4 % wet wt. 
volatile solids - 79.4 to 96.5 % of suspended 

solids 
Total Organic Carbon (TOC) - 456 to 799 gm/kg 

dry wt. 
Total Phosphorus - 739 to 1,031 mg/kg 
Total Kjeldahl Nitrogen - 587 to 769 mg/kg 
NO3 & NO2 - 0.77 to 1.24 mg/kg 
BOD5 - 105,000 to 258,000 mg/1 
Protein - 1.48 to 4.72 % wet wt. 
Fat - 5.80 to 6.50 % wet wt. 
Methylene Blue Active Substance (MBAS) - 6.5 

to 13.4 mg/1 
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Al - 711 to 10,400 mg/kg dry wt. 
Cd - 1.3 to 6.4 mg/kg dry wt. 
Hg - 0.011 to 0.050 mg/kg dry wt. 
DDT - N.D. 
DOE - N.D. 

2. Cooker juice 
Fat 1% volume 
Moisture 93% volume 
Solids 6% volume 

3. Press water 
Fat 12% volume 
Moisture 76% volume 
Solids 12% volume 

3. Disposal Site: 

Transportation for the purpose of ocean dumping shall 
terminate at, and waste disposal shall be confined to, 
the area described below: 

One nautical mile diameter circle with its 
center at 14°22'00"S.Lat., 170°4l'0O"W.Long. 

4. Method of Disposal: 

a. The waste transporter shall use only the following 
vessel(s)/barge(s) for transportation and dumping 
of wastes and authorized under this permit: 

Vessel Misamoa 

b. During transportation and loading operations, 
there shall be no loss of material to any 
waterway. 

c. Permittee shall commence discharge of the material 
authorized by this permit no earlier than one-half 
hour· after sunrise. No dumping shall commence 
unless it can be completed one hour prior to 
sunset. Sunrise and sunset shall be defined by 
the National Weather Service. 

d. Permittee shall discharge the material authorized 
by this permit at a rate no greater than 500 gpm 
from a vessel moving at 5 knots. 
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5. Notification: 

Permittee shall notify the Commanding Officer, USCG 
Station Pago Pago at least 2 hours prior to~ the 
departure from permittee's facility of _any vessel for 
the purpose of dumping. Included in such notification 
shall be: 

a. The trip number 

b. The names and registry numbers of the vessels 
scheduled for departure. 

c. The estimated time of arrival at the dump site and 
the estimated time of return to port. 

d. A statement of the amount of material to be 
dumped. 

e. In the event that the Coast Guard establishes a 
fixed schedule for the dumping authorized herein, 
this requirement for notification shall be waived. 

6. Permittee shall cause the Master of the vessel to stay 
in radio contact with the USCG Station Pago Pago for 
vessel movements in accordance with Coast Guard 
surveillance requirements and to notify USCG Station 
Pago Pago when dumping commences. 

7. The permittee shall maintain complete records, which 
shall be available for inspection and copying by the 
Regional Administrator or pis desigpee, of: 

a. The nature, and volume of materials dumped 
pursuant to the permit. 

b. The precise times and locations of dumping. 

c. Any- information relevant to the assessment of the 
impact of permittee dumping activities on the 
marine environmental or human health or welfare. 

8. The waste generators shall submit quarterly report,s (on 
a calendar basis) of volumes removed from their facili
ties by the waste transporter under this permit and the 
waste transporter shall submit simila re orts of vol
umes transpor e y it to the dump site specified in 
Special Condition No. 3. Such volumes shall be ex-
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pressed in j,allons and ton§. Such reports 
sub~itted ~1thin 20 days of the end of the 
period to: 

shall be 
reporting ---Regional Administrator· 

U.S. Environmental Protection Agency 
215 Fremont Street 
San Francisco, California 94105 
Attn: Water Branch, E-5 
Telephone: (415)556-7450. 

Commander (mep) 
14th Coast Guard Disctict 
677 Ala Moana Blvd. 
Honolulu, HI 96813 

Environmental Quality Commission 
Government of American Samoa 
Tutuila, Pago Pago 
American Samoa 96920 

Monitoring Reguiremeots 

-

a. Analyses_shall be conducted suarterJ~ (on a calen
aar basis) by the waste generators on a represen
tative sample of vessel/barge load for the follow
ing parameters: 

pH 
bulk density 
suspended solids 
volatile solJds 
TOC 
Aluminum 
Mercury 

Total Phosphorus 
Total Kjeldahl Nitrogen 
BOD5 
Oil af1d·grease 
MBAS 

' Cadmium 

b. Analyses shall be conducted by the waste genera
tors whenever there is a change in plant capacity, 
process configuration, waste treatment, or general 
material condition of the waste generators facili~ 
ty. Such analyses shall be for the paramete~s 
listed in 9.a. above, and shall include a bioassay 
(96 hr LCso mg/1) using organisms and proce-
dures approved by EPA Region IX. 

c. Within.90 days of the date of issuance of this 
permit, the permittee shall provide the Regional 
Administrator with a plan for a monitorin3 and 



C25 

surveillance program which will define the fate of 
waste dumped under a variety of climatic and sea 
conditions. Upon approval by the Regional 
Administrator such a program shall becqme a condi
tion of this permit. 

d. ~thin 120 days of the date of issuance of this 
permit, the permittee shall provide the Regional 
Administrator with a scope of work for the com
pletion of the enviro~mental assessment of the 
impact of the use of the site for disposal. The 
environmental assessment shall provide sufficient 
information for-~the preparation of an EIS __ should 
EPA policy require-one. Appendix A of this permit 
identifies the information necessary for the 
preparation of an EIS. Upon approval of the 
Regional Administrator such scope of work shall 
become a condition of the permit. 

e. Required monitoring reports shall be submitted to: 

10. Liability 

Regional Administrator 
U.S. Environmental Protection Agency 
215 Fremont Street 
San Francisco, California 94105 
Attn: Water Branch, E-5 
Telephone: (415)556-7450 

Environmental Quality Commission 
Government of American Samoa 
Tutuila, Pago Pago 
American Samoa 96920 

a. The waste generators and waste transporter shall 
be jointly and severally liable for compliance 
with Special Conditions Nos. 1, 2, 5, 6, 7, and 8, 
as well as all applicable General Conditions. 

b. Any person owning or operating a towing vessel 
employed for purposes of the activities authorized 
by this permit shall be, for purposes of each 
discharge, a joint permittee and severally liable 
together with the waste transporter for compliance 
with Special Conditions Nos. 3, 4(b) & (c), and 5, 
as well as all applicable General Conditions. 
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c. The waste transporter shall be solely liable for 
compliance with Special Condition No. 4. 

d. The waste generators shall be solely liable for 
compliance with Special Condition No. 9. 

Signed this 3 day of Sept. 1980 

For the Regional Administrator 

ClyB.Eller 
Director, Enforcement Division 
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Appendix A OD 79-01/02 

228.5 and 228.6 set forth the criteria for disposal site selection 
and must be addressed in the eisposal site designation studx. 
The study is the permittee's responsibility. The field survey 
data collection phase of the disposal site designation study 
should be conducted so that the results are compatible with 
ocean disposal site baseline or trend assessment requirements 
found at 228.13. 
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UMPING 

(c) Emergency.Permit.!. Dumping s1~.s 
for materials -dl.6P05ed o! W'lder a.n emer
iiency "Pe?'fflit wlll be specifted by the Ad
ministrator a.s a permit condition and 
w1U be based on an individual app~ 
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pected to be reduced to normal am~ient 
seawater levels or to undetectable con
ta.min:ll'lt concentra.t1on;,i or ei!ecta be
fore reaching any be-ach. shoreline. ma
riDe sanctuary, or known geographically 
limited fishery or sheilfulhery. 

<c} I! at anytime during or after dis
posal site evaluation studies. it ~ deter• 
mined that e:-::isting disposal sites pres
ently approved on an interim basts tor 
ocean dumpi..nij do not meet the criteria 
tor site selection set !ort.h 1n ~ ! 228.5-
228. e, the u.se .of such sites will be ter
minated a.s soon a.s suitable alternate dis
pc,sal sites can be designated. 

(d) The sizes of ocean disposal sites 
~111 be limited in order to localize !or 
identification and control an:, lmmectiate 
adverse impacts and permit the tmple
mentation of ef!ect1ve monitonng a.nd 
surveillance progrnms to prevent ad
verne Joni;-raoge impacts. The size. con
figuration. and location of any disposal 
site will be determined as a pa.rt oLthe 
dispo.sal site evaluation or desig!lation 
study. · 

<el EPA will, wherever !eRsible. desig
nate ocl!an dumping sites beyond the 
edge of the conti..ne.nta.1 shell and other 
such sites that have been historically 
used. 

§ 228.6 s,..,..His criteria for !lilf' ,,d~-
• laon. 

<a) In the selection ot disposal sites. 
in addition to other necei.sa.ry or appro
priate factors determined by the Admin
i.strator. the following ta.ct-Ors will bE 
considered: 

f 1) Geographical position. depth of 
water. bottom topography and distance 
from coast: 

<2) Location 1n relation !O breedi..ng, 
spawning, nursery, feeding, or passage 
areas of living resources in aclult or Ju
venile phases: 

<3> Location 1n relation to bea.ches ar:.d 
other amenity areas: 

<4> Types and quant1ties of wastes 
proposed to be disposed of. and proposed 
methods of release. Including methods of 
packinc; the waste. if any; 

{5) Feasibility of surveillance and 
monitoring; 

<6) Dispersal. horizontal transport and 
vertical n:11.'dllg characteristics of the 
area.. including prevailing current direc
tion and velocity, it any; 

<1) Existence a.nd effects of current 
and previous d.l.scha.rges n.nd dumping in 
the area <including cumUl!'l.ttve efl'ect.sl; 

ta> Interference with shipping, fl.slung, 
recreation. mineral extraction. de:sali..na
tion. ft.sh and s.hellflsh culture. areas of 
spr.ci:l.l scientific- importance s.nd other 
legitimate w;es of the ocean; 

q:n The existing watu quality and 
ecolcrr.; of the stte as determined by 
a7ailable data or by trend assessment or 
baseline surveys; 

110) Potentiality !or the development 
or recruitment o! nuJ.Sance species 1n the 
disposal site: 

< 11) E.'d.stence at or in close proltirrutY 
to the site of any signWcant natural or 
cultural features oi historical 1.mpor
tllllce. 

liJ) The result.a of a disoosa.I site eval
uation and/or destgn:it1on studY ba.ised. 

7--4-80 
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on the criteria stated in paragraphs (1 >
( 11) will be presented 1n support of the 
site designation promulgation as an en
vtronmenta.l assessment ot. the imo::i.ct of 
the use of the site for disposal. and will 
be used 1n the preparation ot an envu-on
mental impact statement for each site 
where such a statement is required by 
EPA policy. By publicatton ot a. notice in 
accordance with this Part 228. an envi
ronmental impact statement. in dra!t' 
form, will be made available for public 
comment not later than the time of PUb
Ucation of the site designation as pro
posed rulemaking, a.nd a final EIS will be 
made available at the time oi fi:nal rule
ma.kin,g. 

C30 

E nvuonment Reporter 

FEDERAL REGULATIONS 

§ 228. 11 in di?.:Ipo., . ·1e 
UM!, 

< a> Modiftcatio in disposal site I e 
v,h1ch u•r•:olve th withd wal of d,rsig-
na ted disposal s m use or /P_er-
manenr. changes he total sp,c1fied 
quantities or types o! wastes pei;trtitted 
to be discharged to a specllic cU.sposal 

I 

(Sec. 228.1,Cal) 218 
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... tran,~c---.3 · ._o·o," :t .. 1:1-1 • 
•;J"07"' ~ •.. 1:::1·13·4:?" W: 

.. t:H·13·~-- 1!1.; 43·::19·~3-- N .• 
\V. 

En.,ironment Reporter 

J :!:?3.13 GuiJeliru~ for ocf':.m ,li,-p.,...,,I 
:11il-=- l.,,;,,i,i~line, or lrend 1, .. _,,_.,..,n1~nl !"Ul'"• 

v<."y':! unJ<."r" ~t!rlion !O:? uf tl!e .-\rt. 

The,Ru..-posc.o! a baselir.i: or trezu:1 as
sessment survey :s to dete:-mine the 
91l:,;s1cal. cnem1c:il, geoloq:c.:..I. and bio
log1c:1! st.ruc:cre .:l! :.i. propo~i!d or e::'tJ.St• 
in;. :i:.spos;:J. .site :1.t the t!rue or the ;=ur
Vc!y . .--\. ba.,;el,ne o. :::-end .is.,essmect sur
vey b to be :e~ar.::.cd a.s a ccmprehc:1sn-e 
Sl-:ioptc and rep:-!!.~e~t:i.t11·e p:c~u::-c 01 
existing- conditions; e:.ch such :;urve:; 1s 
to be plar.ned ...s p~r: cf a. .;ontm~al 
monitoring pro~arn through '\ll::n;ch 
cham;;es i:l condil'.lon, at a. a1sp,).,-;::i l site 
c::u1 be ctocume!lte::1 and a:;sessca. Sur
vers v.·ill be p!'.l.nneci l.n coorc::.mo.tion w,th 
the;: on:;oing- prog-r:ims of i'.'\OA..-\ ::..nd 
othe!" Federal. su~e. :oc;.1.l. or prt\":lte 
.ibencies ~1t!1 mlss:-Jr..s l.'1 t:1~ m::.r:ne en
.u-onr.1e:1t. The tie!:i sur\"PY c.:i.ta cou~c
::.on phase of :i c::.:..::riosa..l site ev~ua~1on or . 
:ies!gna.tion stud;· ~!'la.ll be pl:ir.ncd and 
c'J11U11c ted to obt:un a buc.:,· of in!o.-m:i
~:on both 1·e\ireser.t:1.t!\'e c-f t!1e sne ::ot tht! 
time of s~udy and o:>tainec t;y t.cc::nici11es 
1·er>rod11cihle :n pr~i::1011 a:-.d acc•lr-cy 
m !u~:ire .studies .• -\ fuil pl::i.n o• SLIJQY 
wh,ch will Pt"OV:c!c '!t°r'!'Cord of s:i;ppqn;· 
:i1:;_lyt1c::..!. a:14 a=at:.. ceaPCViAi\ r;,,cprec"..lr t; 

151.i~.:. be ~e\·e!ouea. doc1u;:c:1teq, ~nc :::.µ
vrovcd bv U1e EPA rr,a,rµgmApt ::tpi,hpr
llY· Piar.s for ad surveys ·-,1,1!1:.:!1 ·.v1il 
!ll·oduce i:!formation t.o be :.i:ed !!'l. &.e 

[Sec. 22S.131 222 
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µrepar::..:ian of em·lronmer,t:i.l i.m::,::i.c.t ;art on tlle local bathymetry with .m.iru
st.:tcements will be apprc,\·d bv tne r\d- mum numbers ot stations per site -tl.xea· 
muustr'1tor or hi..s des!:;:iee. T!us 1,1::-.n ot "a! a~il!ea' in the tollowtng sectlons. 
s,ud.y :ilso s!1:::.U be i::coroo::-:::.ted ::i~ 1:1 Where the bottom ia 5.mooth or evenly 
a;>pencUx into :1 technic:u !"l'POrt on th:? slogtng, stations tor water column me.as
smd:;·. wi;ether w,ih norntiuns de!icr1b- urements and bent.hie sampung and col
ing ·dev10.t1o!!S :ro:n the pl:i.n rNJu1red lectJo.os, other tha., trawls. shall be 
t.n ::i..ctuat oner?.t!i:lns. Rel::wn: e:nph:i..su 6J)aced throughout the survey area ln a 
on individual ::ispect.s of the ~:wirornnent m.:umer planned to proi,1de maximum 
af. c:icll ,.1te ~·111 rtepend on the tYr•e of coverage of both the c::Usposal site a.nd 
w:i.sces di~;,o~ed of at the !::iT~ :rn::1 t!le contiguous control areas. considering 
manner in which si.;ch w:l.St~ arc likely known water -movement characteristics. 
ti, auect the lcc:.i.l envirornue11t. but no W'here there are major irregulartt1es tn 
rnajor fe:tture 9! -1,hg g•;,a:::9,1 sHc rr.:1r-SC:- the bottom toi::,ograpby, such a., canyons 
ne/t{e!:te<l. The ob::;crv:i.:ions mad:; agif or gullies, or in the nature ot the bottom, 
t:"ffl a;.i.ta obta.med are~ Ge b,·,seu on rn~ sampling stations for sediments and ben• 
t!!fonmi.h6li lieee:ss~.i' U", cV5i03.te t;Clc ~ic communities _shall be spaced.to pro-

~ site !or oce::m du..-::tpr.n1. Toe ::i::ir.imcter:: v1de representative sampnng ot the 
me:isu:-ed will 'be those mcl:c~\t1vc. t'lt!1er ma1or c.Wierent tea.tures. 

trom the water column should be suffi
cient to Identify representative change., 
throu~hout the water column such a.s to 
avoid short-term tmpact due to disposal 
activities. The following key locattoos 
should be considered in selecting water 
column depths for samp!lng: 

<I> Surface. below lnterferen.ae from 
surface waves; 

un Middle ot the surface layer; 
<lli> Bottom ot the surface layer: 
<iv) Middle or the thermocline or halo-

cline. or both 'i! Present: · 
< v> Near the top o! the stable layer 

beneath a thermocline- or halocline; 
<vi) Near the middle of a stable layer; 
<vU> As near the bottom as reasible; 
<Vilt) Near the center of any ::one 

directl:· or 1u dire<'t!!", of the 1mmc"\i:ate Sampling snail be done within the 
and lc;ini:-term impaet o! pollut.:rnc.s on dump site itself and m the conunuous 
the environment at the d1sP06al site area. Sufficient control stations outside a 

01sposal site shall be occuoied to char
and adjacent land or water are::i.s. An actenze the control area· enVJronment 

showing pronounced biological act1Vity 
or lac.Ir:: thereof. 

In very sh3.J..low waters where only a 
few ot these would be pertinent, as a 
minimum. surf:i.ce, mid-depth and bot
tmn samples shall be ta.ken, with samples 
as addiiio.nal depth.s be.Ing added a., in
dicated by local conowons. As ciis-
p01Sal siMs Jar enough away from t.he 
hll)oence ot major nver mflowa,. 09e6.Jl 
or coastal cw.e.o.ts, or other testures 
whidl might, cause Jorol pemu-ba
twm 1n water ehe.misti7, a m.ln1mwn ot 
5 water chemistry &tat1on~ s1'ould be oe
cuiied, within the boundaries 01 a site. 

initial disposal site evaluation or desig- at least as well as the disposal site itself. 
nation study should provide an immediate Where there are known persistent cur
base.line appraisal of a particular site. rents. sampling in contiguous areas shall 
but it should also be regarded as the first include at least two st.auons downcurrent 
of a series of studies to be continued as of the dUmp site. and at least two stations 
long as the site is used for waste d.ispos- upcurrent of the site. 
al. 

ca> lfm'Et!i· Be.ael!ne- or- trend ·a.ssess
meni surven "Will be ~nducted with due 
ftP.~ !,:,r climatic and seasonal l:mpa.ct 
on atratl!lcatk>n and other conditions 1n 
the UPJ>er layers at the water colUillll. 
Where acnoice ot .sea.son i.. feasible, u-end 
a&sesmumt surveys should be made dur• 
ma- those month! when pallutant ac
cumulation within d.isPoll&l sites 1s Ltkel.Y 
to be most severe, or when Pollutant lm
pad wit.h:m d.isJ)06al sit.ea i.s likely to be 

. most noticeable. 
(1) W'here disposal sites a.re ne!lr large 

riverine Inflows to the ocean. surveys will 
be done ,w1t.h due regard tor the seasonal 
vu.n~t!c!:! !n river now. In some cases 
several :surveys at various nver flows may 
be neces.,ary before a site can be ap
proved. 

<2> W'hen initial .surveys show that 
seasonal varla.t1on Ls not significant and 
.surveys at greater than seasonal inter .. 
·'!'&ls are adequate for clla.ra.cter1Zin8' a. 
'S1t.e resurveys shall be carried out. in 
c~a.tic -eondltions a.s similar to t.nose 
of the original surveys a.s po.ss1ble, par
ticularly in- depths less the..a 200 metens. 

.,!b) Durati.Qn. The actual duration of 
a fielf:i sur,ey wtll depend upon the size 
and· depth o! the site. weather condi· 
tton.s during the survey, and the types ot 
data to be collected. For ex::i.mpie. for a 
survey of an area. o! 100 squa.re mlle!'i on 
the continental shel!. including an aver
age dump site and the region con
tiguous to it. an on-site oper3tion would 
be scheduled tor completion within one 
J"e-ek of weather 11uit.abU? !or on-sn;e 
.c,perat1ons. More on-site opera.ting time 
may be scheduled !or larger· or highly 
complex sites. 
Jf Number& and Lqcgtforu of Sami ng Siiitidru. '!'he numbers and Ioc:si
ona of .sampllnir stat1om w1l! depend 1n 

<l> Water Qua.lttv Parameter:, Meas• Adc!!twnal stations should be added when 
ured. These shall include the maJor indi• the Brea to be covered in w SW'W!Y is 
cators ot water quality, particularly those more than 20 square miles or when local 
likely to be a.fleeted by _the wa:ste pro- perturbationa in water chemistry may be 

posed to be dumped. Speei!ically mclud~ e.~ted because ot the presence ot one 
at all stat.ions a.re measurements, oi tent- o! th! features ment11:>ned above. In zones 
perature, dlssolviia o,cyge:n. salinity, sus- whe..--e such impacts are likely, stations 
pended solids, turbidity, .total organic sh::ul be distributed so that. at least 3 
carbon. pH, Inorganic nutrient.,, and stations are occupied in the transition 
chlorophyll a. ., from one stable regime to axiotn.er.~ 

m At one station near the center ot w.ater column chem.ism :itauon sboU be 
the di.,posal site, samples of th~ water ?eiiticated a minimum g! ., t;me:, dµrmg 
column shall be taken tor the analysis of 'lr"survey except In waters over 200 meters 
the following parameters: mercury, cad- deep. _ 
mium. cop~r. chromium. Zine, lead, ar --;;;- Water Column Biota. Sampling 
senic, selenrum. va.na.dium. beryllium, ti r th b. •- ,_ th t col 
nJckeL pesticldes petroleum hydroca.r- :st.a on.s or e 10..... ...... e wa er -
bons and pers~tem organoha.logens umn shall be as near a.s reas1bU? to sta.
Thes'e samples shall be preserved to _u_om used tor water quality; in a~~~ 
ub equent ana.1=1s by or under the di a~ lea.st two .n1ght-t1me .stations 5 s ""' . dJSposa.l site a.nd contiguous area are re

rect supervision ot EPA laboratones ln Quired. Ai each station vertical or oblique 
accordance with the approved plan o tows with appropriately-meshed nets 
.studT, shall be used to a.1ses.s the m.icrozoo-

anunete:rs are th c plankton. the nek:ton. a.nd the r:nacrozoo-
re uirements . or e evalu- plankton, Towing times and distances 

on o any specific disposal site addi- shall be sufficient to obtain representa
tional mea.surements may be required. tive samples ot organisms near water 
depending on the present or intended quality stations. Organisms shall be 
use ot the site. Addtt1onal cara.rneters .;orted and identt.tled to ta.-,;onomie levels 
ma:y be se)es;te;d, ba.,ed on the materials nec.essa.ry to ldentt!y dom.tnant orga
fikely to be In wastes dumped at the :site. nism.s. seru1t1ve or indicator organisms. 
and on parameters likely to be airected and orga.ntsm d,versity. Tissue samples O! 
'by constituents of such wastes. Analysis representative species shall be a.nalyzed 
tor other constituents cha.ractertst1c oC !or pesticides: perslsteot or.;nnohalog~. 
wastes discharged to a particular dis· and heavy met.a.Is. Discrete water samples 
posal site, or o! the impact of such shall also be used to quantitatively as;ess 
wastes on water quality, will be included the phytoplankton at each ~c:i.tion. 
1n accordance with the approved plan o! These requtrem.ents are the minimum 
study. ~ee'i!!sar, tl:r all cMeS. Where tfiere a.re 

<2> Water Qu.alitv Samplino Require- 7'.scontfnu1ties present: such a.s thermo
ment.!. The number ot samples collected .clines. haloelines. convergences. or UP• 

-> 
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~lllng, addJttonal tows shall be made ln 
ea.ch .vn.ter mass as appropriate. 

(e) Measurement., o/ the Benthic Re
gion. 

(l) Bottom Samriling. Samples of the 
bottom shall be taken !or both sedJment 
composit.1on and structure. and to deter
mme the nature and numbers of bent.hie 
t-,ota. 

m At each station sampling may eoo
stst of core samples. grab sampleli, dredge 
samples. trawls, a.nd bottom photography 
or television. where available and !ea.st
ble, depending on the nature of the bot
tom and the type of disposal site. Ea.ch 
type of sampling shall be replicated suf
"elentJy to obtain a representative set ot 
.. ...mples. The mintmum numbers of repli
cates of successful samples at each contl
nental shelf station for each type of 
dence mentioned above are as follows: 

Cores ••• ··-··--·--------· 3. 
Orsi.bs ------------------- 5. 
Dre-age ----- ·------------ 3. 
-..&Wl ------------------ 20-m.in.tow 
Lesser number:s o! replicates may be 
allowed 1n water deeper than 200 meters. 
at those sites where pollutlon i.mpa.ct., on 
the bottom are urillkeb' in the judgment 
o! the EPA ma..D,Q,geme:nt ~Ul0:r1li.V. 

( ii I Selection of bottom stations will 
be based to a large extent on the bot-

1m topography and hydrography as deter
mined by the bathymetrlc survev. On 
the continent.al shelf. where the bottom 
has no significant discontinuities. a 

bottom station density ot at.. ?east three 
time:. t.he water colUIIUl sta.twn.s is rec
ommended. depend.mg on the type o! 
site being evaluated. Where there are 

1gnificant differences in bottc,m topa.g
raphy, additional srations ;;ha.II be oc
cupied near the discontinuity and on 
each side o! lt. Beyond the continental 
shelf, lesser densities may be used. 

(2) Bath'Jlmetric Suroey. SU!!tcient 
tracklines shall be run to develop com
plete bottom coverage of bathymetry 
·•ith reasonable assurance o! accurate 

coverage of bottom topography. with 
tra.ckline direction and spacint? as close 
as available control allows. The site it
self is to be developed at the greatest 
density possible. with data to be collect
ed to &. suitable distance about the site 
as Is required to identify major changes 
;n bathymetry which might affect the 
... tte. Speciflcations for each b11thymetric 
survey will vary, depending on control. 
bottom complexity, depths. equipment. 
and map scale required. In most cases. 
a bat.hymetric map at a scale o! 1 :25.000 
to l: 10.000 wi.ll be required, with a mini
mwn of l-5 meter contour mter,al ex
cept in very flat areas. When ttie tore
;oing bathymetnc detail is a.vailable 
from recent surveys of the disnosal site. 
bathymetry during a. baseline or trend 
assessment survey may be limited to 
sonar profiles of bathymetry on tr.insects 
between sampUng stations. 

<.3) Nature of BottO'ffl.. The size dis
tribution of sediments. mineral charac
ter and chemical quality of the bottom 

J 

will be determlned to a depth ap-propr1-
ate for the type o! bottom. The follow
ing parameters will be measured at all 
stat10ns: Particle si.ze distribution. ma
jor mineral const1tuent.<1. texture. sett.ling 
rate. and organic carbon. 

ti l At several stations. near t.he cen
ter o! the disposal site. sa.mples o( sedi
ments shall be taken !or the analysis of 
the following parameters: mercury, cad
mium. copper. chrom1um. zmc. lead. 
arsenic. selenium. vu.na.d!um. beryllium. 
nickel. pesticides. persistent org-anob.al
ogens. and petroleum m-droca.rl>ons. 
These samples shall te preserved !or sub
sequent analysis by or under the direct 
supervision of EPA laboratories in ac
cordance with the approved plan o! 
~tudy. 

( ill These parameters are the basic 
reqwrements for all sites. For the eva!
ua•jon o! any specific disposal site ad
ditional measurements may be reciuired. 
depending on tbe present or intended 
use of the site. Additional parameters 
may be selected based on the materials 
likely to be in wastes dumped at the site, 
::md on parameters likely to be affected 
by constituents of such wastes. Such ad
ditional parameters will be selected by 
:he EPA management authority 

, 4) Ben.th.ic Biota. This shall consist 
of a quantitative and qualitative evalu
ation of benthic communities including 
rr.acroinfauna and m.acroepi!auna. mei
obenthos. and m1crobenth::is. a.Dd should 
include an appraisal. based on existing 
information. of the sensitivity of in
dl!lenous species to the wast.e proposed to 
be discharged. OTf{anis::ns shall be sorted. 
:ind identified to taxonomic levels neces
sary to identify dominant organJ..sm.s. 
sensitive or indicator organisms. and or
gamsm diversity. Tissue samples of tbe 
!ollowing types of organisms shall be 
analyzed for persistent organobalogerM>. 
pesticides. and heavy metals: 

, 11 A predominant species of demer
sal flsh: 

rUJ The most abundant ma.croin
!aunal species: and 

dill A dominant epifau.nal species. 
\Vlt.h particular preference !or a spe
cies of economic 1mporta.nce. 

if) Other Measurements. 
• 11 Hydrod.'Jlnamic Features. The di

rection and speed of water movement 
shall be char:i.ctenzed at levels appropn.
u.te for the site and type of waste to be 
dumped. Where depths and climatic con
ditions are great enough !or a thermo
cline or halociine to exist. the relation
ship of water movement to such a fea.
mre shall be characterized. 

lil Current Measurements. When cur
rent meter:s are used a.s the pnnuu·y 
source of hydrodynamic data. a.t !es.st 4 
current meter stat1ons Wlth at lea.st 3 
meters at depths appropriate tor the ob
sen·ed or expected discontmwues 10 the 
water column should be opernted tor as 
long as possible dunng the sw-vey. Where 
feasible. current meters should be de• 
ployed at the in.ltiatlon o! the survey and 
recovered a.tter its completion. Stations 

Environment Reporter 

should be at least a. mlle a.part. and 
should be placed along the lonis ax1S o! 
the dumping site. For dumping sites more 
than 10 miles along the long axis. one 
current meter station every 5 miles 
shoul'd be operated. Where thet·e are dis
continuities in surface laye.::s. e.g .. due to 
land runotr. stations should be ope1'"3ted 
in each water mass. 

1ii1 Water Jta.ss Movement. Acceptable 
methods mclude: dye, drogues. surface 
d.rl.tte!'S. side scan sonar. bottom drifters. 
and bottom photography or television. 
When such techniques are the prunary 
source o! qydrodyna.m.ic data. coverage 
should be such that all sigm.ficant hydro
dynamic !eatures likely t.o affect waste 
movement are measured . 

(2> Sea State. Observat1011S o! sea. 
state a.nd of st.a.ndard meteorological 
parameters shall be made at 8-hour m
tervals. 

'3) Su.riace Phenomenc;. Observations 
s.haU be made ot oil slicks. :'loatmg mate
rials, and other visible endence of pol
lution: and. v.·here possible, collec~1ons 
o! floating materials shall be made. 

cg) Survev Proced.ures and Tech
niques. Techniques and procedures used 
for sampling and analysis shall repre• 
sent the state-of-t.he-e.rt in ocean
ographic survey and analytical practice. 
Survey plans shall specily the methods 
to be used and will be subject to approval 
by EPA. 

(Ill Ql.Ul-lit11 Assurance. The EPA man
agement authonty may require that cer
t::i.in s:imples be submitted on a routine 
basis to EPA laboratories for analysis as 
well ::i.s being an£lyzed by t.he surveyor, 
::i.nd th.at EPA personnel participate i..n 
some field surveys. 

(Sec. 229. 1tall2) J 224 
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Star-K(st Fa ads, J}ic. 
TERMINAL ISLAND CALIFORNIA 90731 

July 16, 1980 

Cable Address "FRENCHSACO" 

Telex: 68-6265 

Answeroack: Star-Kist Term. 

Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont Street 
San Francisco, CA 94105 

Reference: Ocean Dumping Permit No. OD 79-01/02 

Dear Chris: 

Paragraph 9(c) of the Special Conditions of the subject permit would require 
that the permittee establish a plan for a monitoring and surveillance program 
which will define the fate of waste dumped under a variety of climatic and 
sea conditions. To accomplish this, I would propose the following: 

1. During the first two months of ocean dumping, at least once per 

a. Record the time that dumping commences. 

b. Record the time that dumping ceases. 

c. Record the time that any floating matter completely sinks 
below the surface. 

d. Record the approximate coordinates where the material 
completely sinks, if outside the designated dumping site. 

e Record wind direction in general terms (on-shore, off-shore, 
parallel to shore); also, estimated velocity in knots. 

week: 

f. Record surface current direction in general terms (on-shore, 
off-shore, parallel to shore). 

g. Describe the weather (rain, clear, etc.). 

h. Investigate any complaints of material washing on shore 
that could possibly be from the dumping operation. Deter
mine whether the material is from the dumping operation. 
Maintain a record on any such complaints that includes time 
and date of complaint, amount of material, sample of mater
ial if possible. 
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2. After the first two months of dumping, make the above observations 
at least once per month. 

It must be kept in mind that sophisticated monitoring equipment and 
technical expertise are not readily available in American Samoa. 

I have discussed the above program with Karl Eklund of Ralston Purina, and 
we believe that it will adequately accomplish the intended goals. 

If you have any comments relative to this proposed monitoring scheme, please 
contact me directly. 

JRN/ac 
cc: D. Ballands, Star-Kist Foods 

F. Hackman, Ralston Purina 
E. Stockwell, Star-Kist Samoa 
L. Krogsdale, Star-Kist Samoa 

Sincerely, 

STAR-KIST FOODS, INC. 

~-~~ 
Environmental Engineering 



TERM!~AL ISLA~D CALlrOR,'< 

July 2, 1980 

Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont Street 
San Francisco, CA 94105 

Reference: Ocean Dumping Permit No. OD 79-01/0i---

Having reviewed the drafts for the proposed special dumping permit and 
public notice, I would offer the following corrections. Hopefully, these 
minor discrepancies are not serious enough to result in further delay of 
issuance of the permit: 

Public Notice 

Page 2, paragraph 2B: The volume percentages do not add up to 100%. The 
error is probably in the fat content. 

Page 5, second and third paragraphs: The letter of transmittal mentions 
a 45-day review period. 

Permit Draft 

Special conditions, page 2, paragraph 2d(2): The volume percentages to not add 
to 100%. 

Special conditions, page 2, paragraph 4A: The vessel name is !tMisamoa", :cot 
"Mi Samoa". 

It is my understanding that posting of the proposed permit occurred on 
June 13, 1980. The 45-day review period would make it possible to issue the 
permit after July 28, 1980, if no significant public comments are received. 

You mentioned that you would contact EPA staff to determine the additional data 
and work required to complete the environmental assessment. This assessment 
would be used by EPA to draft an environmental impact statement at the e~d of t~e 
interim ocean dumping permit period (3 years). My understanding is that the EIS 
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would be necessary to issue a regular ocean dump ;:,enit 1.·h2n t::e in~eri::1 
permit expires. Your help in defining what is to 1:ie done will be :::.:-,:--recictr.:ed. 

I will be in contact with you in the near future towards developing a plan for 
monitoring and surveillance of the fate of the sludge after dumping, as 
required under the permit. 

JR .. ~/ ac 
.,/ 

cc: Mr. Dave Ballands, Star-Kist Foods 
~1r. E. Stockwell, Star-Kist Samoa 
:•Ir. Frank Hackman, R.als ton-Purina 

Sincerely, 

STAR-KIST FOODS, INC. 

~Al ,\tvx ,:? V1 OM-!~ 
{:f~r);'y ~- ~um;a.nn, Manager 
Environmental Engineering 

Mr. Lyle Richmond, American Samoa Government 



Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont Street 
San Francisco, Calif. 94105 

July 2, 1980 

Reference: Ocea.n Dumping Permit No. OD 79-01/02 

Dear Chris: 

This transmittal of revised and completed bioassay results should 
fulfill the requirements for bioassay testing prior to issuance of 
an ocean dumping permit in American Samoa. 

The contractor points out that apparently biostimulation occurs at 
the lowest concentrations of sludge in the tests. 

If there is anything additional needed, please call me directly. 

~ &rac 
encl. 
cc: Mr. D. Ballands, Star-Kist Foods 

Mr. E. Stockwell, Star-Kist Samoa 
Mr. F. Hackman, Ralston-Purina 

Sincerely, 

STAR-KIST FOODS, INC. 

~;Jjj,~ iii, f}for,ul,~ 
.:Gf~rJy R.', Naumann, Manager 
Environmental Engineering 

Mr. Lyle Richmond, American Samoa Government 



TERMINAL ISLAND. CALIFORNIA 90731 

Mr. Chris Vais 
Permits Branch 
Environmental Protection Agency 
Region IX 
215 Fremont Street 
San Francisco, CA 94105 

June 19, 1980 

REFERENCE: OCEAN DUMPING PERMIT NO. OD 79-01/02 

Dear Chris: 

Cat>ie Address "FRENCHSACO" 

1 elex; 68-626:'> 

Answerback: Star-Kist Term. 

Transmitted herewith is the report containing bioassay results for sludge 
from the fish cannery wastewater treatment facilities on American Samoa. 
You will note that the results are incomplete as definitive tests on Acartia 
have not been successful due to failure of controls. Additional reruns on 
Acartia are being performed in hope of obtaining acceptable results. 

As discussed on the phone on June 18, the consultant has calculated an 
LC 50 by log-probit analysis for the range-finder bioassay on Acartia. If 
this is acceptable, we would like to use it to calculate a conservative dilu
tion ratio unless the current definitive rerun trial is successful. In any 
event, I shall transmit the results on subsequent trials of Acartia when 
available. 

If there is anything further required before the permit can be issued, please 
contact me directly. 

... 

J 
JRN/ac 
cc: Ed Stockwell - Star-Kist Samoa 

Frank Hackman - Ralston Purina 
Dave Ballands - Star-Kist Foods 

Very truly yours, 

STAR-KIST FOODS, INC . 

Lyle Richmond American Samoa Government (w/o attch.) 



TERMINAL ISLAND. CALIFORNIA 90731 

C,1b:e Address ''F-P.f=r'JCHSACO" 

T 0 'ex, G8·6265 

Ans ✓,,erback: St Jr-Kist Terrn. 

May 7, 1980 

Mr. Chris Vais 
Permits Branch Enforcement Division 
U. S. Environmental Protection Agency 
Region IX 
215 Fremont StTeet 
San Francisco, Calif. 94105 

Subject: Star-Kist Samoa, Inc., Amendment to Application 
for Special Ocean Dumping Permit No. OD-79-02 

Dear Chris: 

As discussed on the telephone on Wednesday, May 7, 1980, 
Star-Kist would like to amend our original application for 
ocean dumping in Samoa by adding cooker juice and press liquor 
to the materials to be dumped. Our estimates of daily total 
gallonage of each material are: 

25,000 Gal. per Day of Dissolved 
Air Flotation Sludge 

14,000 Gal. per Day of Cooker Juice 

13,000 Gal. per Day of Press Liquor 

TOTAL: 52,000 Gal. per Day from Star-Kist Samoa 

This total quantity should replace our original estimate of approxi
mately 15,000 gal. per day as included in our original application. 

I hope that this information is sufficient to change the quantity on 
the application. If any further information is required, please do 
not hesitate to call me. 

,------._ 
I' i 

i JRljl ac 
\:-t:: B. Leamy, D. Ballands, J. Ciko 

Sincerely yours, 

STAR~KIST FOODS, INC. 

'

A/ 
f.J- JV 6- u__ ~; ·L(f, ~ 

\i,Y j aulann, Manager 
EJvironm:~tal Engineering 

J. Murray, E. Stockwell, F. Hackman - Ralston Purina 
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-~ TERMINAL ISLAND. C.6.LIFCc:;:."'-JIA 90731 

C_.:J,e .:-~2a·t:"<:,S ··r-;..:;·E~-..;::~SACO'' 

;:';.n'i"'"o:..' ~ac.r< S-;ar-K•,;t ~erm 

March 10, 1980 

1fr. C:1ris Vais 
PeTIJits Branch, Enforcement Division 
Gnited States Environmental Protection Agency 
F-egion IX 
215 Fre~ont Street 
San Francisco, California 94105 

Subject: Transmittal of Response to E.P.A. Co:rr..~ents on the Ocean 
Dumping Permit Application for the Star-Kist and Van Camp 
Operations - American Samoa 

Dear Chris: 

Transmitted herewith are Dr. Krock's comments relative to your request for 
further input to the application. 

On the bioassay, we intend to have Dr. Soule's group at V.S.C. perform the 
test using either Samoan sludge, if necessary, or hopefully using Tenninal 
Island cuna sludge. We are now running lab a~alyses on Terminal Island 
sludge to use in comparison with the data already existing for Samoan sludge. 
I will be in contact with you as soon as the lab test results are available. 

As you ~now, we are attempting to expedite completion of the bio2ssa~ so 
that we can meet the end of May deadline for the ocean discharge per.:it. 

Gmi:ia::: 
cc: ~- 3a~lands, Star-Kist Foods 

Hac~an, Ralscon Purina Co. 

Sincerel ,; ,'ours, 

3TA~-KIST ?OODS. r~~c. 

\' ~{ • \ I ' i ~ . 

J e·rtt_re~· R ~\ .. ~~a ~TD.an::: .. ~la:1a ~e~ 
Env:i.r-onmental En~inE:::".ri.1.;.: 
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r1i & E Pacific, Inc . 
.- ,..,~ - - ,; -

t.: ! :_ J 

March 4, 1980 

Mr. Dave Ballands 
General ~anager, Engineering Services 
Starkist Foods, Tnc. 
582 Tuna Street 
Terminal Island, California 90731 

SUBJECT: Response to EPA Comments on the Ocean Dumping Permit 
Application for the Starkist and Van Camp Operations 
American Samoa 

The EPA letter reviewing your ocean dumping permit application noted three 
areas 'where more information was required before the final permit will be 
issued. 

The first area was the requirement for an acute bioassay on macroorganisms 
using diluted sludge or the liquid phase in static or flow-through test 
systems. A telephone conversation with Chris Vais of EPA Region IX indi
cated that a test on standard organisms to be conducted by a California 
laboratory on sludge samples from American Samoa would be acceptable in 
meeting this requirement. As discussed with you, the ,:ietails of the 
bioassay test procedure would be worked out between Chris Vais and the 
laboratory conducting the tests. It is our understanding that your office 
will make the necessary arrangements with the laboratory of your choice. 

The second area of concern was the possible effect of the surface slick. 
It should be noted that, during our test discharge, the sludge was not 
found to be cohesive as suggested by the EPA comment. Rather, as stated 
in our report, the sludge mixed very readily with the sea water with 
almos~ all of the material dispersing and sinking at an initial rate 
averaging about 40 cm per minute. The slick fonneci during the surface 
discharge of the test dump would be minimized by discharging the material 
below the wind-influenced surface layer, as suggested in the report. The 
monitoring conducted during the initial portion of the ocean discharge 
program would be able to observe the fate of any slick that forms. evalu
ate the dumping procedure, and confirm the location of the site. 



~r. Dave Ballands 
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The third area noted by the EPA was the 11-item list given in Section 228.6 
of the Ocean Duwping Regulations. The accompanying responses were pre
pared to meet this requirement. 

If we can be of further assistance in this matter, please let us know. 

J 
\, L ---

HANS-JURGEN KROCK, Ph.D. 
Senior Engineer 

bs 

Attachment 



C44 

APPLICATION FOR OCEAL~ DUMPING PER.,'1IT 
FOR 

AMERICAN SA.'1OA STARKIST AND VAN CA.'1P CANNERIES SLUDGE 

This sectiol"l i~ iE_ resEonse t t!::!,§!~ SE!:._C~if~c criteria for site selection 
given in Part 228.6 of the EPA Ocean Dumping Regulations and criteria as 
published in the January 11, 1977 Federal Register. 

1. Geographical position, depth of water, bottom topography, and dis
tance from coast 

The geographical position of the proposed disposal site is off the 
southern coast of the island of Tutuila in American Samoa. The pro
posed site is a circle one nautical mile in diameter centered at: 

1~/1.1.'oo s 
/70° 'lo: oo xJ 

14°21'..'n1' South Latitude 
170°40'~ West Longitude 

;. 

The water depth at this location is approximately 4,800 feet. The 
edge of the one nautical mile diameter circle closest to shore has a 
depth of about 4,000 feet, while the seaward side is on the order of 
5,500 feet deep. The bottom in this area appears to slope downward 
toward the sputheast at a rate of about 25 percent. Because of the 
great depth, the detailed topography or other bottom characteristics 
are not known. 

The closest shoreline to the center of the proposed site is the air
port runway fill area about 2.4 nautical miles to the northwest. 

2. Location in relation to breeding, spawning, nursery, feeding, or 
passage areas of living resources in adult or juvenile phases 

The proposed site is located in the open South Pacific Ocean and is 
characterized by high clarity, very low nutrients, great depth, and 
very sparse pelagic organism density. The area that might be affected 
by the proposed discharge supports no known critical development of 
living resources. Pala Lagoon and Pago Pago Harbor, which may serve 
as nursery areas, are about 3.1 and 5.5 nautical miles respectively 
from the center of the proposed site and are not in the direction of 
transport. 

3. Location in relation to beaches and other amenity areas 

The Tutuila coastal area closest to the proposed site is the Tafuna 
coast line and the airport runway fill area to which access is 
restricted. The coast line is characterized by rugged sea cliffs 
with almost no sandy areas except for a ~mall area by Fogagogo near 
Vai Cove adjacent to the existing sewage outfall. Because of the 

-1-
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general lack of ready access, and with the rough coastal and sea 
conditions, this coastal area is not used for recreational purposes 
involving water contact. Public amenity areas for beachgoers are 
rare on Tutuila, with the most used one being in Utulei in Pago Pago 
Harbor. 

4. Types and quantities of wastes proposed to be disposed of and pro
posed methods of release, including methods of packing the waste, if 
any 

The wastes to be disposed of are sludges resulting from the dissolved 
air flotation treatment of the wastewaters from the Starkist and Van 
Camp cannery operations in American Samoa. The principal quality 
factor of these sludges is the high organic content and resulting 
oxygen demanding character. There is no evidence of direct toxic 
effects or significant concentrations of heavy metals or pesticides 
in these sludges. A more detailed description of quality character
istics is given in Table IV-1 of the report supporting this applica
tion. 

The average amount of sludge to be disposed is about 400,000 gallons 
per month, with approximately half coming from each cannery. It is 
expected that the expansion of operations over the next five years 
will result in approximately doubling the amount of sludge to be 
disposed. 

The proposed method of release will be to pump the sludge to below 
the water surface at a rate no greater than 500 gpm from a vessel 
moving within the disposal area at 5 knots. The controlled release 
rate, combined with the vessel speed, will insure that adequate 
initial dilution and subsequent dispersion occur to meet the high 
oxygen demand while still meeting the water quality standard of at 
least 80 percent saturation. The subsurface disposal will help 
minimize the formation of a slick. 

5. Feasibility of surveillance and monitoring 

It is expected that frequent monitoring and surveillance would be 
conducted for the first portion of the disposal program in order to 
confirm the compliance with the dissolved oxygen standard and to 
observe the fate of any slick that might form. Such monitoring and 
surveillance would be conducted from a second vessel utilizing a 
dissolved oxygen meter and probe with measurement and observation 
locations being established using a sextant to measure horizontal 
angles bet.....-een three landmarks. 

If the first portion of the disposal program proves effective in 
meeting EPA and ASG requirements, the frequency of monitoring should 
be reduced, possibly to four times a year. 

-2-
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6. Dispersal, horizontal transport, and vertical m1x1ng characteristics 

of the area, including prevailing current direction and velocity, if 
any 

The horizontal dispersion coefficient was measured in the nearshore 
area off the Tafuna coast (Figure V-9 of the supporting report) and 
found to indicate good dispersion conditions. It is expected that 
dispersion in the open ocean area at the proposed disposal site is 
somewhat better than in the nearshore area because there are no 
restrictions on the size of eddy formations and the dispersion coef
ficient increase with scale can approximate the 4/3 power rate noted 
by Richardson's Law. 

Vertical mixing in the proposed disposal area is not restricted by 
any salinity or temperature stratification to at least a depth of 
300 feet. 

Horizontal transport is due to the current structure, which consists 
of a wind-influenced surface layer overlying an easterly setting 
lower layer that was measured to have an average speed of about 
10 cm/sec at a depth of 100 feet. Since almost all of the sludge of 
a test discharge was observed to readily disperse and sink, it is 
expected that the easterly subsurface current will transport the 
material from the proposed discharge operation offshore and away from 
the coral communities near the shoreline and on the Taema Bank. 

Any slick forming from the proposed discharge will be transported in 
the downwind direction and will dissipate due to bacteriological 
breakdown, weathering processes, and solubilization. The original 
formation of a slick is minimized by the planned subsurface discharge 
from the moving vessel. 

7. Existence and effects of current and previous discharges and dumping 
in the area (including cumulative effects) 

No known discharge or dumping has occurred in the area. 

8. Interference with shipping, fishing, recreation, mineral extraction, 
desalination, fish and shellfish culture, areas of special scientific 
importance, and other legitimate uses of the ocean 

The proposed disposal site was selected specifically to avoid the 
predominant shipping lanes approaching Pago Pago Harbor (Figure V-1 
of the supporting report). 

Although the disposal site is within the general area covered by 
commercial and recreational fishing activity operating out of Pago 
Pago Harbor, no significant interference is expected. The disposal 
site is small in comparison to the fishing area and has no unique 
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characteristics related to fishing activity. The cannery sludge, 
with proper dilution to minimize dissolved oxygen depletion, has no 
known detrimental effects on pelagic fish. Ocean disposal of the 
sludge essentially constitutes the return of a small portion of the 
organic material that was taken out of the same general area in the 
form of fish. It might be noted that the only direct interaction 
with pelagic fish observed during the test discharge of sludge was 
the apparent attraction of sharks. 

No mineral extraction, desalination, or fish and shellfish culture 
activities occur or are planned in the proposed discharge area. In 
addition, the site has no unique or special characteristics that 
would give it scientific importance. 

9. The existing water quality and ecology of the site as determined by 
available data or by trend assessment or baseline surveys 

A baseline water quality survey of the waters around American Samoa 
was conducted. The statistical results are presented in Table V-2 
and on Figures V-15 through V-19 of the supporting report. The water 
quality can generally be characterized as being of high clarity, low 
nutrient content, and low phytoplankton concentration. Such a dilute 
base supports a food web of pelagic organisms of correspondingly low 
population d~nsities. The pelagic fish are highly mobile and are,not 
restricted to a specific location; consequently, they would not be 
particularly susceptible to any possible detrimental effects that are 
site specific. 

10. Potentiality for the development or recruitment of nuisance species 
in the disposal site 

The photic depth (depth to 1 percent incident light) is about 170 feet 
in the open ocean around American Samoa. Below this depth, the addi
tion of nutrients has no significant effect, except to participate in 
the bacterial action on organic material. Above the photic depth, 
the potential for the development of undesirable plankton blooms 
depends on the average (not maximum) nutrient concentrations and on 
the exposure time. Since most of the test material was observed to 
sink, the exposure time in the photic zone is too short for any 
significant growth response. Since the discharge is to a moving mass 
of water, no cumulative effect is anticipated from periodic discharges 
at the same location. 

Because of the great depth and the associated increase in sea water 
density. it is highly unlikely that any significant concentrations of 
discharged materials will accumulate on the bottom to affect the 
benthic ecosystem. Rather, it is expected that the organic sludge 
material will end up, along with much of the other sinKing oceanic 
detritus, at the oxygen minimum zone some 1,000 to 3,000 feet below 
the surface. 
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11. Existence at, or in close proximity to, the site of any significant 

natural or cultural features of historical importance 

No historically important natural or cultural features exist at or 
near the proposed discharge site. 

-5-
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ur: 1-r::: [) STA.TES [i\;Vl::l Of'fr; r: :·rJ :_ r;::: CiTf:C I I ::1: ! .l\G Ei ~ CY 

Ri::G'O,J ,< 

S?n Fr.:inci.;co, Ca. 9,~.·105 

Dave Ballancls 
Genera] M2n2gcr, Engineering Services 
Star-Kist Foods, Inc. 
Terminal Island, CA 90731 

Robert Diehl 
Director, Division Engineering 
Van Ca.1::-tp Seafoo·:1 Co. 
11555 Sorrento Valley Rd . 

. San Diego, CA 92121 

Dear Sirs: 

In Reply E-4-2 
Refer to: PEA 4-5 

We have reviewed your application for an ocean dumping permit 
and have determined that it is sufficient to meet application 
requirements and that your application is complete. 

The Marine Protection Branch, EPA Headquarters, has completed 
its review of the report on ocean disposal of cannery sludge 
which was submitted in support of the required disposal site 
designation. The report was found to be adequate for condi
tional permit approval, however, certain deficiencies were 
noted as listed in Attachment 1. These must be corrected be
fore the final permit can be issued. 

We will proceed with our evaluation of your permit. application 
and within 30 days from the date of this letter, public notice 
our intent to issue or deny an ocean dm,lping pennit, pe:1ding 
correction of the deficiencies referred to above. 

Should you have any questi.ons, please contact Mr. Chris Vais 
of my staff at (415) 556-8005. 

Sincerely yours, 

~:lrJlc;;, _ _J) tAC1-e1 P. HowekaIT,}? r
Chicf, Pcnnitc3 Branch 
Er: fcJL '-·,,;,;:,n r· D j vision 

cc: f,1::1rii1,~ Pro~,•(:tion Bra!H'h (l·;;I 518) w/o encl. 
Pi:t'....i J:,',:1 i,·1.i I er,.·,; [l(lr 1 s orric .... · G"',S T,a:/o encl. 
Ly]. n.ic:t· ,·1 r:r,!C w/o cn,·l. 
f-i·,'.·' , .. :'i, V,,,· Cc1 1,:1, St. I,0,1is w/o c,1,-l. 
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AT':2ACI-L, . ~ # 1 

1. Thr fun~~ nt?l ecological impact of the sl h~s not been 
aclc'-~. :~-~-•~"-Jy~ c1c~ 1~l-~-t:~~scc1. use of a met l;~•Ji.c; te~-;L dot;~· n<)t 
co::fu to tri re uire22::-1ts of the Ocean Du:c::)ing Crite:r 
A rootinc oc2an dumping bioas is requirea, and should be 
per rmed in accordance with proceaures specified in Bioassay 
P roe :::~1J1-cs for the Oci22-n Dis s ':": J. Permit Progr2rrt (copy en--
c lo s·~). It may be neccss ry to prcpz;re dilutions of the 
sluc"'.s;,c: in a rr2. r sjn,ilar to the liqu phcse: b:io ss,::iy for 
dr ~ material in order to car out the bioassay. Nhile 
this moth will not resent total sludge impact, it will 
prov a soluable fraction for testing in either a static or 
flow-throu9h syste2. It is this soluab fraction that is 
wost likely to cause acute toxicity. The high BOD/COD will 
most li ly ke aeration nec2ssary at all dilutions. The 
test~ procedures and choice of test organisms must be 
approv~~ by this office prjor to testing. 

2. The sJudgE:: apr:;cars to be fairly cohesive, suggesting that a 
lasting su:r- 2 slick m2y result. Wind and current data at 
the pr2ferr8d site suggest that the slick could reach the 
shorel e prior to di rsal. This possibility needs to be 
more thoroughly evaluat because such an occurrence is con
sid~red unacc table under the regulations and wouJd resuJ.t 
in relocation of the site or cessation of dumping. 

3. The disposal site is not suffic tly described, sec 40 CFB 
228.6 r guidance. Each of the 11 items must be considered 
eve11· if only to state tha'..:: they don't apply. 



TERMINAL ISLAND. CA ' ' '- ' 

:-::r. Chris Vais 
Environmental Protection Agency 
Region IX 
215 Fremont Street 
San Francisco, CA 94105 

R~: Application for Ocean Dump 

Dear ~1r. Vais: 

October 5, 1979 

Permit - Samoa 

FCRNIA 

Please find attached a copy of an evaluation carried out by ~etcalf & 
in support of the Ocean Dumping Permit which Ralston Purina and ourselves 
are jointly seeking for our operations in l,merican Samoa. 

In provid you with this evaluation in support of our application, we 
would make the following comments: 

1. In view of the problems with space availability for increased 
storage capacity and the time constraints en completion of the 
project, we are proposing to enter into a contract in which the 
s 1 u dge hauling vessel will be required to ocean dump the sludge 

9073" 

on a daily basis rather than every 3 days as envisaged in the report. 
The vessel will also be required by conditions of our contract to 
~oar acent to our facilities whenever it is not in the process cf 
disch_arging. Thus, the new s tanks ,,:hich we are ;.iroposfr;g :c 
install on the vessel together with our existing storage tv 
will give a total storage in excess of 80,000 lens er apprc:-:
imately 4 days. 

2. ~ith to the proposed discharge mechanism we cannot envisa;e 
at this stage a siT.ple and reliable mechanisn that wil: allow dis
charge at a th of 50 feet whilst moving 2,t 5 knots. We would, 
therefore, propose a direct vertical discharge at some shallo~er 
depth. Perhaps this is a point t~at we can discuss during vour 
consideration of this matter and following further enginee 
evaluation. 
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Star-Kist Foods. ~;t. 

:,fr. Chris Vais 
Page 2 
October 2, 1979 

• we should be pleased to meet with you at your convenience to progress 
the perm.it application as swiftly as possible. Although we realize 
that final approval o.ust come from E.P.A. in Washington, we would 
appreciate receiving an indication from you at the earliest time that 
you think our application will proceed without any major difficulty. 
This will allow us to commence necessary dockside work and our selected 
contractor to prepare his vessel; we estimate that a time of from 3 to 
5 months will be required before we will be ready to commence ocean 
du:::iping. 

DB/ac 

encl. 

cc: ~fr. T. 
Hr. L. 
Hr. D. 
:t-fr. B. 
Mr. J. 

.__N.r. G . 
~lr . E. 
Hr. 

.,.. 
J:. 

Hr. H. 
Mr. J. 

Yours truly, 

STAR-KIST FOODS, I~C. 

Dave Ballands 
General Manager 
Engineering Services 

Brubaker - E.P.A., Region IX 
Richoond - E.Q.C., Samoa 
Redpath - ~alston Purina 
Leamy - SKF 
Murray - SKF 
Brown - SKF 
Stock~ell - SKS 
Hackman - Ralson Purina 
Crock - ~·fetcalf & Eddy, Hawaii 
Wass - Van Camp Seafoods 
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CHAPTER II 

SUMMARY AND CONCLUSIONS 

The measurements of the quality parameters of the sludges from the 

Starkist and Van Camp operations in American Samoa showed that the predomi

nent characteristic with respect to environmental effects is the high 

organic content and the accompanying oxygen demand and slick forming 

materials. The present wastewater treatment scheme using alum and dis~ 

solved air flotation is very effective in removing suspended material, 

grease and oil, as well as phosphate from the waste stream. The grease 

and phosphate tend to be bound up by the alum and do not readily separate 

to form slicks or contribute to the nutrient loading. The concentrations 

of poteutially toxic compounds such as KBAS, mercury, cadmium, DDT or ODE 

in the sludges are relatively low. The vigorous biological degradation 

and high rate of gas production in the sludge is evidence of the low 

concentration of toxicants. 

The present average combined production rate of sludge from the two 

canneries is about 400,000 gallons per month. This rate may increase by 

up to 100% over the next five years. 

The water qaality and transport conditions at the offshore alternative 

discharge area, Dump Site No. 1, can be characterized as open ocean. The 

depth is more than 4,000 feet and the current structure is a combination 

of a wind influenced surface drift over a prevailing subsurface current 

toward the east. A minimum in the current speed occurs at around 20 to 30 

feet were the two current regimes interfere. The water quality shows no 

evidence of stratification to at least 100 feet and probably to 300 feet. 

The photic zone is down to about 170 feet and the water is low in turbidity, 

nutrients and chlorophyll-a. Fish population densities are correspondingly 

sparce. Water quality parameters can be described by log-normal dis

tributions. 

The water quality characteristics at the nearshore alternative 

discharge area by the present Tafuna outfall are similar to those of the 

II-1 
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The recommendations resulting from this study include the designation 

of Dump Site No. 1 as the ocean disposal area and the use of controlled 

subsurface discharge of the sludge from a moving vessel. A monitoring 

program should identify any problem areas which can then be alleviated. 

II-3 
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The predominant characteristic of these sludges is the significant concen-

trations of total organic carbon (T0C) and BOD5• These sludges are very 

biologically active and exhibit no signs of inhibiting toxic responses. 

Gas production is vigorous if these sludges ar~ held without pH adjustment 

or other biologically inhibiting preservation technique. 

Additionally, it should be noted that these sludges contain signifi

cant concentrations of total kjeldahl nitrogen (TKN) and especially total 

phosphorus (TP). The TP content can be largely attributed to the use of 

alum. in the treatment process. If ocean disposal of this sludge is gener

ally to areas below the photic zone, then there should be. lit''tle effect. 

from- these nutrient. additions, especially since the material. sinks and the 

phosphorus is tied.up w:Lth the aluminum. 

The. most likely effect that this sludge would have on an open ocean 

disposal area is possible oxygen stress rela:ted to BOD and TOC.. 'l'his .. 
problem can best be dealt w:Lth by providing adequa'te dilution and trans-

port and avoiding possible collecting areas for floatables or settleables. 

Sludge Quantities 

According_ to _information. provided by the two companies, the present 

averages of sludge productions are as. shown in Tab le IV-2.. 

Parameter· 

Minimum 

Average 

Maxi.mum 

TABLE IV-2 

PRESENT CANNERY SLUDGE QUANTITIES IN AMERICAN SAMOA 

Un.its. 

US gallons/mnth 

US gallons/mouth 

US gallons/month 

S1:ark.ist 

100,000 

200,000 

300,000 

Van Camp 

100,000 

200,000 
-

300,000 

To-cal 

200 ,.000 

400,000 

600,000 

-

'the values in.Table I.V-2. indicate. that. on a volume basis, St:arkise 

, and Van Camp would each ac_count :fot:' 50% of the total amQunt 

of. slud12;~ to be disposed. Van Ca.llll> has p,:-_ojected that: it: eXt,ect.s a doub

lin~ of it_s slud~e _production over the next five-vea-c. period.. Al.tha.wth _ no 

IV-3 
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CHAPTER VI 

EVALUATION OF POSSIBLE IMPACTS 

Except for the addition of fresh water and nontoxic quantities of alum, 

NaOH, and polyelectrolytes, the origin of the sludge is the ocean in the 

vicinity of American Samoa. Because of the export of canned fish and other 

products, the effect of the fishing and canning operations is a net decrease 

in the nutrient content of the already· nutrient poor waters around American 

Samoa. Similarly, these operations result in a net decrease in the amounts 

of metals and pesticides and other materials that may be contained in the fish 

caught. Considering the relative quantities of these materials in the sur

rounding ocean and in the fish caught, it is not likely that the net decrease 

is significant or even measurable; however, these considerations do show that 

the materials in the sludge are not alien to the ocean and, in fact, consti

tute only a small fraction of what was removed with the fish. 

The potential difficulties with returning the sludge to the ocean are 

all related to the possibility of localized, long-term, high concentrations 

of materials in the water~ on the surface, along the shoreline, or on the 

bottom. The potential effects are both concentration and time dependent. 

Consequently, alleviation of detrimental effects involves dispersion and 

transport as well as avoidance of concentrating areas. 

The potential difficulties are clearly illustrated by considering the 

effects on inner Pago Pago Harbor when all the materials in the sludge were 

discharged into this concentrating area prior to the installation of the 

D.A.F. plants. Low dissolved oxygen~ habitat change due to substrate 

smothering, shoreline grease collection, water column eutrophication, and 

generally aesthetically unpleasant conditions resulted. These effects are 

related to long-term, localized, high concentrations of oxygen demanding 

material, settleable solids, floatables, or nutrients. They are not indic-

ative of direct toxic effects. 

Two types of tests were conducted to evaluate and quantify the 

possible effects of ocean disposal of the cannery sludge. The first was 

a test release of sludge to determine the amount and character of float-

ables, the dispersion characteristics and the settling rate of the settle-

ables. The second was a bioassay to measure the time-related response of 

VI-1 
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projections are available from Starkist, it is reasonable to expect that 

it will have a similar rate of increase. Consequently, for planning and 

permit purposes, the average sludge production is expected to increase 

from the present 400,000 gallons per month to 800,000 gallons per month 

in five years. 

The operation schedule for both canneries varies from three to six 

days per week, with an average of five days per week. The schedules for 

the two plants do not necessarily coincide. This variation in operation 

schedule as well as the vagaries of the weather means that some storage 

facilities may be necessary if open ocean sludge disposal is adopted. 

It is expected that a workable ocean disposal system would also include 

the capability of land disposal for emergency conditions when the storage 

capacity is exceeded and lengthy adverse weather periods or boat break

downs occur. 

IV-4 



production rate this would mean a disposal trip every three days on the 

average. Experience will show whether additional storage capacity is 

required to achieve acceptable reliability of the system. 

It is recommended that an agreement be reached with the American 

Samoa government to allow for emergency land disposal of the sludge during 

periods of unusually long-term adverse weather or other conditions prevent

ing the ocean disposal of the sludge. The exercise of such an option 

should, of course, be kept to a minim.um. 

Finally, it is recommended that a monitoring program of the discharge 

area be instituted to measure dissolved oxygen, turbidity and chlorophyll-a 

as well as to observe the extent and characteristics of any slick formation 

resulting from the sludge discharge. If adverse effects are detected 

these data can be used to beneficially alter the treatment or discharge 

practices or even relocate the discharge area. 

VII-3 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

Paul T. F. Low 
Mand E Pacific, Inc. 

215 Fremont Street 

San Francisco, Ca.94105 

In Reply 
Refer to: 

Pacific Trade Center, Suite 600 
190 South King Street 
Honolulu HI 96813 

Dear Mr. Low: 

E-4-2 
PEA 4-5 

At the request of Mr. Gerald Brown, Star-Kist Foods, Inc., 
we have reviewed your Scope of Work for an ocean dumping 
site designation study, and offer the following comments: 

1. Task A should include analysis for TOC, DOE, DDT, 
surfactants (MBAS) and percent fat, carbohydrate, and 
protein. 

2. The study should include a bioassay of the waste material 
as required in 40 CFR 227.6. The definitions of each 
phase may be found at 40 CFR 227.32. No bioassay will 
be required for a specific phase when it can be demon
strated that the waste material does not exist in that 
phase. 

3. Task C should include measurement of the following 
parameters to determine water quality: temperature, 
TOC, D.O., pH, salinity, ~i'itrogen in the form of 
ammonia, nitrite, and nitrate, Phosphorus in the form 
of ortho-phosphate, turbidity and Chlorophyll~-

4. The Scope of Work should include replicate net tows for 
phytoplankton and zooplankton for qualitative and 
semi-quantitative analysis. 

S. Task E - If a test release of the waste material is 
conducted, it shall be limited to a one time release 
not to exceed one thousand (1,000) gallons. 
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In summary, the designation study must thoroughly address 
all of the applicable elements set forth in 40 CFR 228.5 and 
228.6. Where it is clear that a specific element need not 
be addressed, the study report should contain a supporting 
rationale. 

Should you have any questions, please contact n.r. Chris Vais 
at (415)556-3454. 

Sincerely, 
. ' . . • .;)'i. • 

.,. ... , ... -;'1 .,, .tt,, -··1•_.r 

'); .. , ::,/"·: . :· ~ 0: .. ;.... ;; . .. JI" 

David P. Howekamp 
Chief, Pennits Branch 
Enforcement Division 

cc: ✓ Gerald Brown, Star-Kist Poods, Inc. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENC'jf £ C 
REGION IX £ I V £ D 

215 Fremont Street MAR l i ·97 
San Francisco. Ca. 94105 I 9 

Gerald c. Brown 
Manager Environmental Engineering 
Star-Kist Foods Incorporated 
582 Tuna Street 
Terminal Island, California 90731 

Dear Mr. Brown: 

ENGINE£RJNG DEPT. 
In Reply E-4-2 
Refer to: PEA 4-5 

MAR 9 i97S 

This letter acknowledges the receipt of your ocean dumping 
permit application dated February 9, 1979. Your application 
has been assigned the number OD-79-02. 

We have reviewed your initial submittal and find that it is 
incomplete in several respects. A detailed evaluation is 
attached for your information. Major inadequacies are noted 
as follows: 

1. Identification/description of the exact nature of the 
material to be discharged including potential for 
incidental contamination, types and quantities of any 
coagulant aids used in the DAF unit and description and 
types of any other wastes (i.e., press liquor and stick 
water) that maybe considered for discharge. 

2. Designation of a specific site where dumping operations 
would be carried out. This should conform to the 
requirements of 40 CFR 228.4(b}, 228.5, and 228.6. 

3. Need for proposed dumping should be supported and/or 
clarified by documentation, where possible, by specific 
requirements of the Government of American Samoa; lack 
of suitable alternatives such as reuse, reclamation, 
recovery or recycle, etc. 

4. An environmental assessment of any anticipated impacts 
or supportive data as to the lack of any such impacts. 
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In conclusion, Section 221.5 of the ocean dumping rules and 
regulations requires an initial filing fee of one thousand 
dollars for each application and an additional three 
thousand dollars for processing site designations. This 
office cannot proceed with further consideration of your 
application until such fees are received as provided by 
regulation. Should you have any further questions please 
have your staff contact Mr. Chris Vais or Mr. Ted Durst at 
(415)556-3454. 

Sincerely yours, 

lz:~i/)IJ"{ta~, J 
Davit;. Howekampl 
Chief, Permits Branch 
Enforcement Division 

Enclosure 

cc: Environmental Quality Commission, 
American Samoa 
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Review of OD-79-02, Star-kist Incorported 

This review is made in context of 40 CFR 221.1 which defines 
in detail the required content of the ocean dumping permit 
application. Reference is made to the specific citation, 
noting adequacy or inadequacy of the application with respect 
to the specific requirement. 

Cite 

221.l(a) 

221.l(b) 

221.l(c) 

221.l(d) 

221.l(e) 

221.l(f) 

221.l(g) 

221.l(h) 

Comment 

Adequate 

Since the responsible party for transport 
of the waste material has not been 
selected, any permit will require the infor
mation be provided at least 60 days prior 
to commencement of disposal operations. 

Inadequate - Application shall identify 
any and all chemical additives (coagulant 
aids, etc.) to the DAF unit as well as 
addressing the potential for contamination 
from any or all waste streams that may 
co-mingle with the process waste sludges. 

Adequate, however, this total should be 
modified to include any additional waste 
streams such as stick water or press 
liquor. 

Adequate 

Inadequate - A specific site or sites 
must be identified and located by coor
dinates accurate to one second latitude 
and longitude. Should also define the 
release zone i.e. "a circle 2,000 yards 
radius centered attt. 

Adequate 

Inadequate - Waste treatment system 
should be described including process 
steps, chemical additions, etc. Also 
all waste streams tributary to the 
treatment system and/or considered for 
ocean disposal should be clearly identified. 



Cite 

221. 1 ( i) 

221.l(j) 

221.l(k) 
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Comment 

Adequate 

Generally adequate, however, we request 
that you expand your discussion to include 
a statement as to why each of the listed 
alternatives is unacceptable. 

Inadequate - No assessment has been 
provided, this could be included in the 
Site assessment and evaluation required 
by 40 CFR 228.4(b), 228.5 and 228.6. 
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Star-Kist F□□ds, 
TERMINAL ISLAND. CALIFORNIA 90731 

Environnental Protection Agency 
Region IX 
215 Fremont St. 
San Francisco, CA 94105 

February 9, 1979 

Attention: Mr. Christopher L. Vais 
Environmentalist Enforcement Division 

Subject: Star-Kist Samoa, Inc. Application for 
Special Ocean DUlllping Permit 

Dear Mr. Vais: 

Cacle Aac,ess "F' RENCHSACO" 

Telex, 65-6342 

Pursuant to Section 200.03(B) of the Environmental Protection Agency's 
("EPA") Ocean Dumping Regulations (41FR2462 ep seq.), Star-Kist Samoa, Inc. 
("Star-Kist") hereby for::nally applies for a special ocean dumping permit. 

Pursuant to Section 40 CFR 221.1 of said regulation, Star-Kist submits the 
following: 

A. Applicant is Star-Kist Samoa, Inc., P. 0. Box 368, Pago Pago, Samoa. 

B. The services of an ocean vessel would be used for the transportation 
and du:r:1ping of the material. The vessel will be owned and operated 
by an individual and not a corporation retained by Star-Kist Sanoa, Inc. 
and Van Camp Seafoods jointly. 

C. The physical and chemical description of the material to be dumped is 
as follows: 

Moisture 90.0% • 
Total Solids 10.0% 
Fat 5.6% 
Ash i.s,; 
Protein 2. 9i; 
Salt (nacl) 1.0% 

D. Approximately 15,000 [allons of this material will be dumped during 
each 24 hour.period, 7 days a week. 
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Mr. Christopher L. Vais 
Page 2 
February 9, 1979 
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E. Dumping shall corn:::ience il!lillediately upon approval of EPA and will 
continue for an indefinite period. 

F. Applicant proposes that the dump site approved for dumping be located 
south of the Tafuna area directly south of the proposed ocean outfall 
and approximately 2 miles offshore. 

G. The material to be dumped shall be pumped from storage tanks within 
the transporting vessel to a pipe immediately in front of the 
propeller of such vessel, then dishcarged through this pipe and 
dispersed by the action of the propeller of the vessel. 

H. The material proposed to be dUI:J.ped is fish cannery sludge. Star-Kist 
fish cannery sludge is produced by the proper operation of Star-Kist's 
dissolved air floatation system which is part of Star-Kist's waste 
water treatment system. Star-Kist installed its waste water treatment 
system including a dissolved air floatation system in 1972 in order 
to meet the requira~ents of its NPDES permit which was issued under 
authority of PL 92-500. 

I. The material proposed to be dumped previously was disposed of in a 
p~ivate landfill site along the Matautuloa ridge. 

J. Since the installation of,the dissolved air floatation system, Star-Kist 
has been experiencing increasing difficulty in disposing of the material~. 
generated by the proper operation of its waste treatment system. Proper 
operation of this system is required in order for Star-Kist to meet the 
limitations of its NPDES permit. Within the last month Star-Kist has 
experienced increasing difficulties with its existing sludge disposal 
ponds. 

K. Star-Kist has discussed environmental impact of the proposed dumping 
of this material in the ocean with the U. S. EPA and representatives 
of the Government of American Samoa, and has received no adverse 
comments to the site location. 

We are in contact with the consulting firm of Metcalf and Eddy for a proposal 
to conduct the site analysis for the proposed dumping location. Upon receipt 
of the proposal from this firm, Star-Kist will submit the scope of action for 
approval to EPA. 
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We trust t~at this information is sufficient. If any further infor.nation 
is required, please contact the undersigned or Mr. Dave Ballands. 

GCB/ac 

cc: B. Leamy 
D. Ballands ~ 
J. Ciko 

Sincerely yours, 

STAR-KIST FOODS, INC. 

✓ d~~ced~ 
Gerald C. Brown 
!-f.anager Environmental Engineering 
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APPENDIX D 

Quality Assurance 



Field Measurements 

02 

QUALITY ASSURANCE PROGRAM 
SEAFOOD WASTE DISPOSAL PROGRAM 

NA81RAD00009 

Parameters: Temperature, salinity, dissolved oxygen, pH. 

Method: Electrochemical remote probes, Martek Water Quality 
Analyzer, Mark V or Mark VI. 

Calibration: 

1. Temperature sensitivity is 0.1°c. The probe is calibrated to a 
certified mercury thermometer in laboratory prior to each use. The 
instrument is very stable. 

2. Salinity (conductivity), sensativity is 0.01°/00 • The probe is cal
ibrated in the laboratory to a sub-standard solution of known salinity 
before each use. The sub-standard is prepared by using a laboratory 
salinometer calibrated to Standard (Copenhagen) water. 

3. Dissolved oxygen sensitivity is 0.1 ppm. The probe is calibrated in 
the laboratory by air exposure, per manufacturer's instructions, or by 
iodometric Winkler titration. 

4. pH sensitivity is 0.1 pH unit. The probe is calibrated against pH 
buffer solutions at two values. · 

Instruments are returned annually, or more frequently as needed, to the 
manufacturer for servicing and calibration. 

Field Sampling/Laboratory Measurement 

Parameters: Anmonia, Biochemical Oxygen Demand {BOD), Chemical Oxygen 
Demand {COD), Total Organic Carbon (TOC), Trace Metals 
{Aluminum, Cadmium, Mercury). 

Sampling: PVC Self-closing device. 

Methods and Quality Assurance: 

1. Ammonia: Samples in polycarbonate Ehrlenmeyer flasks, acidified to 
pH2 with HCl; Orion specific ion probe 95-10-00, sensitivity 
to 20 ppb. Calibration is by Standard solutions per manuf
acturer's instructions, prior to and during usage. 

2. BOD: Standard Methods (APHA, 1981) modified for seawater, marine 
bacterial culture used for seed. 



2. BOD: 

3. COD: 

4. TOC: 

03 

Quality Assurance: Two or three separate control sites are 
sampled and pre-dump samples are taken at the dumpsite. 
Samples are placed in polyethylene bottles in the field. 
Blanks using dilution water are run for quality control in the 
field. Sensitivity of BOD measurements in 2 ! mg/liter. 

Research on methods for high salinity determinations is 
underway. Calibrations as for BOD. 

Wet digestion and IR detection using an oceanographic Inter
national Corp Total Carbon Sustem Model 0524. Instrument 
calibrated according to manufacturer's instructions. Blanks 
and control sites used as for BOD. There is a great deal of 
interinstrument variability in TOC measurements. Sensitivity is 
0.5 mg/1 but variability on the instrument used is between 
1-2 mg/1. 

5. Trace Metals 

Methods: Field sampling is by PVC self-closing sampler. Samples are 
placed in polyethylene bottles and chilled on board. Atomic 
absorption spectrophotemetry is used in analysis for aluminum, 
cadmium and mercury. (Standard Methods, APHA, 1981). · 

Quality Assurance: 
Instruments are calibrated according to manufacturer's instr
uctions. Co111nercial standards and blanks are used for each 
field sampling batch. Selected replicates of samples will be 
sent once a year to the State of California laboratories and/ 
or to a comnercial analytical laboratory which has in the past 
provided good inter-laboratory comparisons. Metals analyses 
are limited in this project to a few wastewater samples, and to 
one-time analyses of bioassay tissues. 

Standard Methods (APHA, 1981) are followed in all instances, 
using the required cleaned glassware and chemically pure 
reagents. Bioassay tests are carried out under polyethylene 
tents to reduce possible contamination, and analytical transfers 
are performed in an appropriate hood. No super-clean room is 
available, however, for this work. 

No Standard Reference Materials for marine tissues or sediments are known 
to be available for use in this work. The large data base here from the 
local marine environment offers good comparative information, however. 
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